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Among Our Writers 


Scott (Ohio State University, 1885) 
the Westinghouse Electric and Manu- 
o. for 23 years, in various engineering 
and was then professor of electrical 
at Yale for 22 years He is a past 
of the American Institute of Electrical 
and of the Society for the Promotion of 
Education 


x studied engineering at Washington 
niversity and subsequently at Yale 
the engineering faculty of the latter 
10 years, leaving in 1938 to become 
ymmissioner of Connecticut Earlier 
aged in building construction and was 
neer for the National Bureau of Casu 
irety Underwriters 


LpeR has been on construction work 
including 13 years with the U. S 
Reclamation, 7 years as chief engineer 
lle Rio Grande Conservancy District, 
in charge of the work described in his 
is now senior engineer for the Ameri 
International Boundary Commission, 
tes and Mexico 
PHENS spent 15 years on the prelimi 
tigations and construction of the Colo 


Aqueduct He was chief draftsman 
location studies, and estimates of 
6 vears, and during the last 4 years 


gineer of the field headquarters office 
engineer for the American Section 
11 Boundary Commission, United 


Mexico 


was graduated in 1902 from the 
ral Polytechnic Institute in Zurich 
il assistant to Gustav Lindenthal 
entury, he had a part in the design 

Hell Gate and Sciotoville bridges 
ecame chief engineer of bridges for 
Yew York Authority Later he was 
gineer, and in 1937 director of engi 


% 
that organization 


ckWoORTH (Princeton, 1926) had 7 
rience on subway and underpinning 
in New York City Following this 
i engineer on the construction of 
Reservoir Dam, resident engineer 
f Birmingham, Ala., on the con 
Inland Dam, and is now on the de 
Pacific Constructors, Inc., at Shasta 


RANK, a graduate of Cornell University 
of the sanitation research section of 
Public Health Service He entered the 
114, after a year with the Baltimore 
ymmission and a year in Germany 
Karl Imhoff His work since 1922 has 
tion of the Service's milk sanitation 


KLAND has been with the American 
{f Steel Construction since 1928, serving 
eer since 1933 Earlier experience 
iod as managing engineer and part 


und Sons (1916-1920); two years 
uctice; and 8 years as structural 
Dwight P. Robinson and Co 


B.S., Utah State Agricultural 

M.S., University of California 

m the faculty of Utah State 

ege since 1923, and became dean 

f Engineering and Mechanic Arts in 

the same period he has served a 

er for the Utah State Agricul 
tation 


ORTON graduated from Cornell 


123, having majored in economics 
oned the staff of the New York 
ommiuttee He subsequently 


tary, and later as general director 
Plan Association, successor to the 
tee He left the Association to 
hip on the City Planning Com 
ed under New York City's new 
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IN SUB-FREEZING WEATHER 


—OVER 10 YEARS AGO 


is sub-freezing weather, winter of 1928-29, Pennsyl- 
vania State Highway Department widened and re- 
surfaced “Bottleneck” Highway, on west bank of the 
Susquehanna River near Harrisburg. Detour was im- 
practicable, as photo (above) suggests. 

‘Incor’ concrete, covered with burlap and straw, was 
opened in 24 hours, as required to maintain traffic. 
After 10 years’ hard service—17,000 cars a day—'Incor’ 
concrete is as good as the day it was opened. 

Dependable high-early strength, plus long-time, 
expense-free service—typical of ‘Incor’s 12-year rec- 


ord. Performance is ‘Incor’s best recommendation. 





ai. oe 


Use ‘Incor’* wherever 24-hour service strengths and 
fast, thorough curing save you money. Elsewhere, use 
Lone Star—Portland-cement quality standard for over 
a quarter century. To get concrete at lowest cost, 
figure every job with both cements. 

Written guarantee (shown above) with every ship- 
ment of Lone Star and ‘Incor’, assures quality equa! to 
or exceeding standard specifications. Better cement 
makes better concrete. 

Write for copy of new illustrated book, “Cutting 
Concrete Costs.” Lone Star Cement Corporation, Room 


Oe 


2270, 342 Madison Ave., New York. *Reg. U.S. Ps 


LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT > 


+ « ‘INCOR’ 24-HOUR CEMENT 


Sales Offices: ALBANY, BIRMINGHAM, BOSTON, CHICAGO, DALLAS, HOUSTON, INDIANAPOLIS, JACKSON, mISS.; 
KANSAS CITY, NEW ORLEANS, NEW YORK, NORFOLK, PHILADELPHIA, ST. LOUIS, WASHINGTON, © C. 
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What Is Engineering Experience? 


Nation-Wide Study Yields Significant Answers for the Young Aspirant 


By Cuarces F. Scorr 


Past-P 


SIDENT AND Honorary MemBer, AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS; 


PRESIDENT, NATIONAL CoUNCIL OF 


StaTeE Boarps or ENGINEERING EXAMINERS 


DON’T understand why your board refuses to grant 
me a license as a professional engineer,’’ said a young 
applicant to the secretary of a state registration 

Your requirements are a diploma and four 
of experience. I have a diploma and five years’ 
experience, but you turn me down. Why?” 

rhe reply opened his eyes: “You have been doing 
routine work which has not added to your professional 
development,”’ it said. ‘‘Your experience is not ‘satis- 
factory to the board.’ ”’ 

Wanted—A Clarification.~Arbitrary as this reply 
may appear, the secretary was fully justified in making 
it, because the phrase “‘satisfactory to the board”’ is part 
of the wording of the law. If, therefore, so definite—or 
indefinite—a phrase is to be found in the law, is it not 
fitting that the registration boards should undertake an 
interpretation ? 

It is a fair question, then: What kind of experience is 
considered to be “‘satisfactory to the board?’ The 
National Council of State Boards of Engineering Exam- 
ners has been studying this question. Some of the 

ndings of its Committee on Qualifying Experience re- 
ported at the Council’s October 1938 meeting by the 

thor as chairman, are most illuminating 

When the young man who looks forward to an en- 
gineering career seeks professional recognition, his ex- 
perience record will be scrutinized by the membership 
mittee of an engineering society and by a registra- 
rd. Their attitude, as found in our studies and 
»stantiated by views of members of state boards in 
states, contains much that may be helpful 
For his benefit, significant portions 

rt are here presented. 


be ard 


years 


ipplicant. 


portant Test.~ The experience period following 
sTaduation is a vital factor in the career of the individual 
engineer | in registration procedures. To the recent 
staduiate it provides the opportunity for practice in using 

oi ige and training, thus laying the foundation 

areer, 

fo t gineering registration board the reaction of 
t to the test of experience indicates whether 
the qualities the professional engineer should 


~- 


have. It indicates his intellectual habits and attitudes; 
his methods of thinking and doing; his facility in com- 
bining theory and practice; his ability to handle new 
problems, to visualize, and to plan; his capability to 
develop, as shown by the use he has made of opportuni- 
ties for self-development. From the record of what he 
has done and how he has done it the board has the best 
basis for projecting his performance curve into the 
future, as an indication of his competency to practice 
professional engineering. 

Required by Model Law.~State engineering registra- 
tion laws are usually based upon the Model Law spon- 
sored originally by the American Society of Civil Engi- 
neers and later perfected through the joint efforts of a 
number of the national engineering bodies. According 
to the Model Law, “‘the practice of professional engineer- 
ing. . . includes any professional service. . . wherein the 
public welfare or the safeguarding of life, health, or 
property is concerned or involved, when such profes- 
sional services require the application of engineering 
principles and data.’’ It defines a professional engineer 
as ‘‘. .. a person who is qualified by reason of his knowl- 
edge of mathematics, the physical sciences, and the prin- 
ciples of engineering, acquired by professional education 
and practical experience, to engage in the practice of 
professional engineering.’’ Hence the qualification in- 
volves the combination of knowledge and experience. 

Normally, according to the Model Law, the require- 
ments for registration are an acceptable diploma and a 
“specific record of an additional four years or more of 
experience in engineering work of a character satis- 
factory to the board, and indicating that the applicant 
is competent to practice professional engineering.’’ 
If there is no diploma, a longer experience is required. 

“Four years or more’ implies that the length of the 
period is to be adequate for acquiring the experience. 
Since this is given as a minimum, it should be deemed 
sufficient only in exceptional cases where the experience 
has been unusually broad in scope, progressively better 
in character, and notably high in average and final level. 

A mention of “character of experience’ implies that 
some kinds of experience are not satisfactory; for ex 











ample, routine performance which does not invoke the 
application of technical knowledge and which does not 
contribute to development of qualities that indicate 
competency to practice professional engineering. Char- 
acter means quality, not mere quantity of experience 
measured in time (though a minimum is fixed) or in jobs; 
and the quality must indicate competency. 

Basic Differences.~Broadly, the character of ex- 
perience considered satisfactory is that which indicates 
competency to practice professional engineering, and the 
“ability to do.”’ The following items are pertinent: 

Che school of experience should be a laboratory for the 
application of principles to the solving of problems. 
Knowledge and experience should interact and produce 
something far beyond the arithmetical sum of textbook 
information and the doing of routine tasks. 

On the same job one engineer may exercise judgment 
in directing the work, while another may simply follow 
plans and specifications to the letter. Again, in design, 
one may use judgment in choice of standards while an- 
other may make slavish use of them. 

It is too much to expect that qualifying experience 
can be derived from work which does not require or in 
volve the application of engineering principles and 
theories; although the work itself may require skill and 
may be necessary in professional activity, for example, 
ordinary surveying, drafting, mechanical calculations, 
routine cost accounting, selling, or contracting. Ac- 
ceptable experience must involve the intelligent practi- 
cal application of the laws of physical science. 

Experience should be sufficient in amount so that repe- 
tition produces (1) thorough understanding of the princi- 
ples involved and (2) the development of judgment as 
to the method of analysis and solution. 

Two phases of experience are (1) the actual activities 
performed and (2) the attitude of the individual and his 
progressive development in performing them. What he 
does is of less consequence than how he does it. 

The Will to Succeed. ~ There is bound to be a dividing 
line between those who are indifferent to development 
and those who are bent on achieving against all ob- 
stacles. Thus professional engineering may develop on 
the basis of higher standards. A progressive advance 
ment in ability to apply engineering data and principles 
should indicate that the applicant is capable of taking 
charge of some branch of engineering work. He should 
recognize his limitations as well as his ability, and 
should decline to accept an obligation that he knows he 
is not qualified to fulfill. 

A board should secure details of an applicant’s duties 
and responsibilities by asking such questions as these: 
What did he do? What engineering data or principles 
did he apply? What engineering judgment and discre- 
tion did he exercise? What was the scope and im- 
portance of the project? What ability to devise and to 
plan did he evince? What is the evidence of his pro- 
gressive responsibility? What initiative and originality 
and courage, and what personal force for overcoming 
difficulties has he shown? What progress has he made 
by reading and study, membership in an engineering 
society, correspondence-school or night-school courses? 

Results, Not Titles.~Obviously, a board cannot rely 
on titles—they may be very deceptive. Jobs, positions, 
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and accomplishments are significant only as regards the 
qualities essential to the professional engineer that they 
produce. 

Practical experience is thus defined in Handbook No 
36 of the New York State Board of Examiners of Pro. 
fessional Engineers: 

‘Practical experience in professional engineering work 
to be considered to be of a grade and character satis 
factory to the Board of Examiners shall be such as tp 
require the intensive application of engineering pring; 
ples in the practical solution of engineering problems. 
This work shall predicate a knowledge of engineering 
mathematics, physical and applied sciences, properties 
of materials, and the fundamental principles of engineer 
ing design. It shall be broad in scope and of such na 
ture as to develop and mature the applicant's engineering 
knowledge and judgment.”’ 

Other Traits Also.~In general, registrants who possess 
administrative ability are eligible for the higher ranks jy 
their profession. Such men have valuable character 
istics for becoming “competent to practice professional 
engineering.’’ Administrative ability is therefore a de 
sirable though not an essential quality; it may be give: 
consideration in estimating experience as qualifying for 
“professional engineering’ practice. 

Professional engineering (as defined in the Model 
Law) includes “. . . evaluation, planning. . . in connection 
with any public or private utilities . . . works or projects 
wherein the public welfare, or the safeguarding of life, 
health, or property is concerned.”’ It seems reasonabk 
then, to expect more than mere physical competency 

Economic justification and social utility are within 
the larger engineering perspective. Ability to take this 
larger view, to coordinate many engineering elements i: 
a single project, to adjust it to the environment outsid 
the technical elements, by looking beyond engineering 
efficiency to social utility and public welfare, this is a 
quality of our outstanding engineers—a quality to be 
developed through the years. But, if the young mar 
already has normal knowledge and experience and 1 
addition gives promise of a larger outlook on engineering 
and life, the board enjoys a double assurance that it 1s 
making a wise selection. 

Registration Ideal Advances.~ Engineering registrati 
in theory and practice is a pioneering effort. Ninety 
per cent of the 40 states having registration have not had 
it more than 20 years, and 30 per cent of them have had 
it less than 4 years. In some states the procedures in 
licensing are well developed; in others they are just be- 
ginning. The National Council seeks to interchange in- 
formation and unify objectives. 

Just as engineering schools and societies, and engineer- 
ing theory and practice are continually progressing, 9% 
must the goals and the procedures in engineering regis 
tration. The evaluation of experience cannot be effected 
through dogmatic definition; discretion must be ex 
ercised in each specific case. The applicant should 
realize that the true function of technical knowledge an 
qualifying experience is to produce competency to prac 
tice professional engineering. This may seem indefimte 
and intangible. And so itis. It cannot be measured by 
objective yardsticks; there is a human quality involve 
in interpreting what is “satisfactory to the board 
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Flood and Hurricane Versus the Connecticut 
Highway Department 
By WituraM J. Cox 


MEMBER AMERICAN Society or Civit ENGINEERS 
State Highway Commissioner, STATE Highway DeparTMENT, HARTFORD, Conn. 


4! NIGHTFALL on September 21, 1938, 
LE scarcely a mile of highway in the eastern hal} o/ 
Connecticut was open to unimpeded traffic. The 
ricane had just put the finishing touches to what 
floods had started a few days earlier, and the 
Highway Department was confronted with the most 
ms emergency in its history. Thanks to tts 
jan ation and the morale of its forces, al met that 
nergency squarely and efficiently; there was little 
N September 17, 1958, a disastrous five-day rain 
ymmenced in lower New England. It fell, toa 
ital of 12.6 in., on ground that had already re 
ved a marked excess of rain in the preceding months. 
By the evening of September 20, the smaller streams all 
r Connecticut were roaring out of their banks. Dams 
ind bridges had begun to go out, and roads were begin- 
ning to wash badly over large areas. During September 
0 and 21, on the state highway system, there were de- 
stroyed or seriously damaged 15 bridges of more than 
20-ft span and 35 shorter bridges. The effect on the 
state highway system is indicated in Fig. 1, which shows 
the main routes radiating east from Hartford and the 
points at which they were blocked. 
his was the state of affairs when the hurricane struck 
without warning 
in mid-afternoon 
of September 21. 
Within two hours 
traffic movement 
had been further 
complicated by 
40,000 trees fallen 
across the state 
highways in the 
central and east- 
ern portions of the 
state, and a still 
larger number 
across town roads 
and city streets. 
The shore, also, 
had been swept by 
a tidal wave which 
penetrated inland 
hundreds of feet, 
carrying houses, 


EST, Otp Lyme, CoTTAGES 
INLAND AND PILED ON 
A THOUSAND FEET 

M THE SHORE 


9 


lost motion, even in the hectic first night that found 
the field forces separated from central control and 
without adequate tools or equipment. Six months 
later, the work o/ rehabilitation ts still going on 
though now, of course, at a more leisurely pace. Mr. 
Cox here tells the story, beginning with the day of the 
storm; and adds to the interest of his narrative with 
comments on the lessons learned from the disaster in 
bridge design and roadside devel ypment., 


boats, and even some large ships. In Connecticut the prop- 
erty damage was almost certainly in excess of $50,000,000. 

A very serious effect of the hurricane was the disrup- 
tion of all forms of communication. Quite possibly 
there was not a single mile of highway in the eastern 
half of the state open to unimpeded travel. Railroad 
transportation on important routes was at a standstill. 
Trees in falling had silenced more than 100,000 of the 
300,000 telephones in the state. In some large areas all 
lines were down. Electric power had failed. Even 
some radio stations were quiet, and a large fraction of the 
receiving sets in the state were useless. 

To complicate the situation still further, as the hurri 
cane swirled off to the north and the smaller streams 
began to subside, the larger rivers continued to rise. 
On the following 
day the bridge 
over the Connecti- 
cut River at Hart- 
ford was closed by 
high water. Be- 
cause of this (and 
the loss of smaller 
bridges) the two- 
mile trip from 
Hartford to East 
Hartford sud- 
denly jumped to 
eighty miles. The 
Highway Depart- 
ment was con- 
fronted with the 
most serious emer 
gency it had ex- 
perienced in the 
44 years of its 
history. 
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Raymond C. Lewis in Circ 
THe Boston Post ROAD, AT MADISON, 
ON SEPTEMBER 22, 1938 
Fallen Trees Have Been Trimmed to 
Open One Lane 
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When the hurricane struck, practically all the regular to the roadside. The two-way snow plow showe: tself 
field forces of the Department had been engaged for of particular value. It pushed the smaller trees ,odily 
‘+ continuous hours on bridge or roadway repairs. to one side, and where a large tree lay across the 1 ad a 
Nevertheless as darkness fell on September 21, these single saw cut through the center of the tree permitted 
forces, though to a large extent separated from central pushing the top and butt to either side with one passa m4 
of the plow. The bulldoze; ad 
similarly used and was very satis 
factory. 

The procedure followed in tre, 
removal was first to open one-way 
travel on the more important roads 
Next, one-way travel on the lec 
important roads was acc ymplished 
Crews then turned to the task 9) 
opening the full width of the roads 

Adequately equipping the ey 
panded highway forces with smalj 
tools, and finding supplies of lan 





Scenes ALONG CoNNeEcTICUT HIGHWAYS AFTER THE FLOODS AND HURRICANE terns to mark obstructions on the 
Left At Knollwood Beach, Old Saybrook, 3,000 Ft of Shore Highway Protected by roads, presented some difficulties 
Concrete Cribbing Was Completely Destroyed. Right: Near Norfolk, Concrete Slabs About a 10 per cent excess of hand 


Were Undermined by What Is Ordinarily a Small Brook tools is stocked in the maintenanc: 
garages, with another surplus stock 
control by the disruption of communications, went into in the central stores depot located in the center of th 
high gear splendidly and almost automatically, and with state. The local stocks were frequently inadequate for 
a spirit and determination worthy of the very highest emergency needs, and communication was too great! 
praise. The approximately 1,700 men already at work interrupted to make it possible for such supplies as wer 
on state roads were augmented within a very few hours by _ in the central depot to be made quickly available. 
500 additional, and the next day, 2,500 men were work- 
ing. This rapid expansion in the face of communication 
difficulties was possible because of the wide discretion While the hurricane was still in progress, the Purchases 
given the || roadway maintenance supervisors and four Coordinator of the Department set a force of clerks t 
roadside maintenance overseers to employ additional work making up schedules of small tool and equipment 
men immediately in emergencies. These men were purchases which would probably be needed. At t! 
hired from lists furnished by the State Employment same time he secured authorization from the Director 


EXPEDITING THE PURCHASE OF SUPPLIES 


Service and kept on file in the supervisors’ offices. Purchases of the Finance Department to allow dire 
\s the wind subsided, the immediate need, of course, purchasing in the emergency. Before the hurricane was 
was the removal of the blockading trees. This was over, orders for saws had been placed in Philadelphia 


started actually before the wind died away, and con- and orders for rope and other supplies in New York, and 
tinued with great vigor right through the night and the during the night these items were trucked in over th 
next day. By that time the highway forces, assisted roads in the western part of the state, which were littk 
somewhat by CCC and WPA workers, and in some few affected by the storm. In some districts where tool 


instances by town and city forces, had reopened prac- supplies were inadequate and communication with other 
tically the entire state highway system, at least for one- districts was broken, the stocks of local hardware stores 
way traffic, so far as fallen timber and similar obstruc- were purchased for the department. During the night 
tions were concerned. following the disaster there was some lack and confusion 


For the most part this opening of the roads was_ of tools, but within a very brief time this was straightened 
accomplished by hand labor and the use of trucks. out. 
Through the night of September 21 state highway In the hours immediately following the hurricane, al 
workers were using 1,100 axes and 274 cross-cut saws, forces—-roadway, landscape, highway boundaries, bridg: 
together with 242 trucks and one or more two-way snow maintenance, and traffic control—pitched into the job of 
































plows. In addition, three mobile —— getting the roads reopened. As soot 
cranes, four shovels, and one bull ~ r i SILI ay a XK ] as the most essential parts of this 
dozer, rented from contractors, were es oh ) i work had been done, however, the va 
busy. This rented equipment was Bi Putnam| rious divisions returned to their mort 
considerably augmented the following [|< 7] \ punviGeatest| uormal duties. 
day, and was used most effectively. %, \Y te , eee The work of cleaning fallen timber 
Practically all Highway Department | | / and other debris from the roadsides 
trucks are equipped with searchlights, 7 - was quickly taken over by the Bureau 
and these proved very valuable. 4 — a oe je} of Roadside Development. With th 
The removal of trees was accom- % _f ~~. gen } _— pavements reopened to travel, 
plished in accordance with available |g yerisen TO Ree most pressing part of the cleat 
equipment and local circumstances. ) ] work was the removal of trees wh 
For the most part, the branches were ¥ had fallen against houses or wer 
chopped or sawed off and were \\New London otherwise so placed as to constitut 
dragged from the roadway by trucks, a a menace. This work wase/iect\' 
to provide a one-way passage. Where — accomplished in some places by cra! 


the equipment was available, cranes yg 1, Limits or Trave on Mains Which traveled down the roads ltrs 


proved of great worth, simply pick- Rovures Easterty rrom Hartrorp Dug _ trees from their lodging pla: 
ing up whole trees and shifting them ro Brince Famures, SEPTEMBER 21,1938 where the work was done \ 
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[hese situations were cared for with remarkably 
mage to the houses. 
ext problem to present itself was removal of the 
irying branches which in places were constituting 
ard. This was soon started as a state sponsored 
ject. To the general clean-up of roadsides, 
removal of stumps, the WPA has allocated 
the Highway Department providing the neces- 
ks and drivers, and hand tools. 
s clean-up of roadside areas, the sequence of 
ns has been first to remove and burn the most 
ible debris. Heavier limbs and logs have then 
ved into lengths suitable for handling, and dis- 
by hauling to dumps where they were turned 
the towns to be converted into firewood for re- 
ses. The final step, much of which still re- 
be done, is the digging up of stumps and re- 
holes. For this work, winches and 15,000- 
es, mounted on trucks, have been very valuable. 
of the roadsides will be commenced on 
Day, April 8, when 1,200 young trees will be set 
first replacements for the 40,000 destroyed. The 
st of removal of fallen timber, but not including 


replacement, is estimated at $710,000. 


VALUE OF SLOPE PROTECTION EVIDENT 


ther repair activity of the landscape forces—care 
damage—is estimated to cost only $12,000. A 
of the various slopes throughout the state in 
subsurface drainage, where needed, had been in- 


| and intercepting berm ditches, strip sodding, and 


must 


Alig di 








rosion-control measures had been used, shows that 
. surprisingly small amount of this work success- 
hstood the storm. 

mportant lesson from the storm is that the utmost 


be used in locating all future plantings. 





FARMINGTON 
CENTER PIER 


F THE UNIONVILLE BRIDGE OVER THE 


WAS DvE TO COLLAPSE OF THI 


the trees lost were so close to the pavement that 
elopment of root systems had been prevented, 
ystems had been mutilated in past highway 
perations. In replanting, care will be taken so 
the trees that not only will they constitute no 
ird but also that they will thrive, sending down 
ns adequate to resist high winds. 
is the pavement had been freed of trunks and 
idway maintenance forces began replacing 
road beds and road surfaces. Considering 
f the storm, there was less of this than might 
ticipated. Where routes along the shore 
iull force of the waves, complete destruction 
gths of road occurred. These will be rebuilt 
during the coming spring. Inland the 
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most serious washout occurred on Route U. S. 44, where 
13,000 cu yd of fill had to be placed. 

Where the road was undercut from the side, failure, 
of course, occurred quite irrespective of the pavement. 





118th Photographic Section, Ai National Guard 


r Corps, Conn, 


OccUM-VERSAILLES HIGHWAY BRIDGE ON SEPTEMBER 22 
Note the Channel Cut by River Back of the Far Abutment 


However, in situations where water flowed down the road, 
or across the road, the oiled shoulders that have been a 
feature of Connecticut road maintenance for many years 
demonstrated their worth. Unquestionably these shoul 
ders prevented many thousand dollars worth of road 
erosion. The greater part of state road destruction 
occurred adjacent to bridges where the approaches were 
lower than the bridge and washed out, frequently saving 
the bridge structure. The total cost of state road re 
placement is expected to amount to about $325,000. 


MUCH BRIDGE DAMAGE TRACEABLE TO DAM FAILURES 


The heaviest loss to the Highway Department was in 
bridges, of which, as already stated, 50 were lost or very 
seriously damaged. These bridges varied in length from 
3 ft to 250 ft, three of them being more than 100 ft. 

It was on a single small river system that much the 
greater part of the bridge damage occurred (Fig. 1), and a 
very large part of this is attributable to the failure of a 
number of dams. The Shetucket Valley in eastern 
Connecticut many years ago was intensively developed 
as a textile manufacturing area, using power generated 
from a multitude of small dams. In this flood, dams on 
the headwaters near the Massachusetts line started 
going out. As the storage released by upstream dams 
struck those lower down, the latter also failed, adding 
their sudden increment of waters to the torrent. The 
Shetucket River is formed by the confluence of the Hop 
River, the Willimantic River, and the Natchaug River. 
No dams failed on the Hop River and the maximum 
flow was only 34 times the average annual flow. On the 
Willimantic River, however, two dams failed, giving a 
maximum flood flow ratio of 97 toone. On the Natchaug 
River system, four dams failed, giving a flood flow ratio 
of 9S to one. 

An accompanying photograph shows a typical failure 
of this sort—the destruction of the Occum-Versailles 
Bridge, consequent upon the failure of the power dam of 
the city of Norwich. Here the stone dam remained 
intact, with 8 ft of water over the spillway; but the spill 
way was incapable of receiving the entire flow and the 
dam washed out around both ends. The raging waters 
then washed out both approaches to the bridge 100 yd 














APPROACHES ON Bots Sipes or Two 


At Nortn WINDHAM, 
BRIDGES WERE WASHED Out, But NEITHER BRIDGE WAS DAMAGED 


below the dam, and the bridge itself failed when the far 
abutment and the center pier collapsed. 

While the Roadside and Maintenance bureaus were 
carrying out the work previously described, the Bureau of 
Construction and Engineering was equally busy. Start 
ing the day after the hurricane, engineers were sent out 
ver all the roads in the flood stricken areas with orders 
to locate all points of traffic interruption, make hurried 
surveys of the amount and kind of damage, ascertain 
the best possible detours, and report all this information 
to the central office at Hartford. Even before that, 
authorization had been received from the Governor to 
depart from usual contract procedures and to enter into 
verbal contracts on a cost-plus basis, using standard 
equipment rental and labor rates, supplemented by 
certain additional meal and other allowances to cover the 
emergency The day following the hurricane, work was 
actively under way on this basis. About 12 bridges 
were quickly repaired or temporary bridges built by 
contractors at costs that were entirely reasonable. 
During the same time an equal number of bridges were 
repaired or temporary bridges built by the bridge main- 
tenance forces of the Department. In this way the most 
urgent situations were satisfactorily met. Only the 
smaller bridges, of course, were dealt with as just de- 
scribed. Temporary bridges were located, as far as 
possible, so as not to interfere with subsequent perma- 
nent construction. 

Where practical detours made the rebuilding of 
bridges less urgent, temporary construction was not 
resorted to. Instead plans for permanent structures 
were drawn as rapidly as possible, and approximate esti- 
mates of quantities were prepared. On these estimates, 
lettings were held with only three days allowed to con- 
tractors for the submission of bids. These proposals 
were not advertised, but notices were sent to all con 
tractors. The repairs and reconstructions handled in 
this way were all relatively simple ones. The proposals 
met with a satisfactory number of bids; prices, though 
higher than normal, were for the most part very fair; 
and by October a large volume of permanent reconstruc 
tion work was actively under way. 

Che larger bridges were redesigned at a somewhat more 
leisurely rate, and in a number of instances are being 

built with the aid of federal funds. The Highway De- 
partment had pending, at the time of the floods, an 
application for a PWA grant for bridge construction. 
Following the floods, the Department was allowed to 
submit a revised application, substituting damaged 
destroyed bridges for others which, while in need of re- 
placement, could be maintained in service. This grant, 
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in amount of $1,033,191, was made on November | 5. and 
is assisting tre -mendously in the reconstruction program 
In all, the cost of re placing or repairing flood-lost or flood 
damaged bridges is estimated at $1,200,000. 
From the longer view, several lessons about bridges 
were learned from the flood. The first, perhaps, is tha 
adequate supervision over the design, constructio, 
and maintenance of dams is essential to the safety ,; 
bridges in a state highway system. No method in ys 
today would have indicated the need for waterways 
sufficient to carry the floods which resulted from succes. 
sive failures of dams. Adequate legislation to cover this 
matter is now before the Connecticut General Asse mbly 
A second lesson concerns the unpredictability 9; 
floods. In 1936 there were floods in Connecticut which 
surpassed all records for the last hundred years. Yet ty 
years later the 1936 levels were approached or equaled 
in most of the streams of the state, and were surpassed by 
6 or 8 ft in some instances. Meyers’ formula for required 
waterway area (which provides that the drainage area ; 
acres be multiplied by a constant ranging from | to 4, de. 
pending on the terrain) has been used in Connecticut bridg; 
design for many years. Until two years ago it gave ver 
satisfactory re ‘sults; however, in the light of recent « xpen 
ences, a revision of the constants is perhaps called for 


FOUNDATIONS MORE VULNERABLE THAN SUPERSTRUCTUREs 


A lesson indicated by the 1936 floods and strong! 
emphasized in 1938 is that the failure of bridges resulted 
almost entirely from failure of the foundations. Super 
structures, though inundated and in some cases sub 
jected to tremendous pressures from accumulated cd 
bris, stood very successfully through both floods, pr 
vided their foundations held. In the 1938 flood, par 
ticularly, we learned to our sorrow the fallacy of to 
great economy in bridge replacement. We lost excellen 
and fairly new bridges through having founded them on 
the old abutments and piers, merely rebuilt and strength 
ened. Too often such piers had not been carried to an 
adequate depth, and too often piers that appeared sound 
externally were revealed to be weak internally. An 
accompanying photograph shows one span of a two-span 
bridge over the Farmington River. Both spans were 
lost when the center pier failed. These trusses were 
erected about twenty years ago, on a pier which was 
widened and strengthened at that time, but which we 
now know should have been completely rebuilt. Th 
Occum-Versailles bridge failed for the same reason. 

The value of founding piers and abutments on piles 
even when not needed from a bearing standpoint, was 
also demonstrated. In the case of one bridge on th 
Natchaug River, the foundation was scoured out fron 
6 to 8 ft below the bottom of footings which were sup 
ported on timber piles. No serious damage was done t 
the structure and repairs are now being made at a ver 
small fraction of the cost of a new bridge. The great 
value of driving steel sheeting and leaving it in plac 
around footings and abutments was also indicated 

In some cases, where an adequate waterway can be 
provided only at prohibitive cost, the expedient 
leaving approaches at a lower elevation than the brdg 
structure, and placing the structure on solid foundations 
which will not be disturbed even though the approaches 
are destroyed, may be considered sound > _leat Phe 
last photograph in this article shows an old and a nev 
bridge, over a small river and a race respectively, bot! 
of which stood intact although the approaches we! 
completely washed away. The cost of replacing \™ 
approaches in this and other cases was far less than 
of replacing the structures would have been. 


were used on the job, most of the mucking was d 
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», an 
gTam 
flood Sond of a Series on Modern Construction Tools and Practice 
ridges By J. L. BuRKHOLDER, M. Am. Soc. C.E. 
2g and RICHARD STEPHENS, Assoc. M. Am. Soc. C.E. 
ety of Respectivety, Assistant GENERAL MANAGER, AND OFFICE ENGINEER FOR 
in = HEADQUARTERS, METROPOLITAN WATER District OF SOUTHERN Cavirornia; 
: Now, RESPECTIVELY, SENIOR ENGINEER AND ENGINEER, INTERNATIONAL 
rWays Bounpary Commission, Unirep States AND Mexico 
sLICCeS 
er this HE twenty-nine tunnels of the Colorado River of constructing di- 
-mbly ueduct, totaling 92.09 miles in length, afford ex- version tunnels by 
ny lent criteria of modern tunnel construction. — the full face method 
Which Ry less than six years under one management and was followed for 
et tira ‘+h similar methods and equipment, they present an aqueduct tunnels 
qualed om 11 opportunity for comparing results and for form- _ throughout the job. FORMS AND JUMBO FOR PLACING CONCRETE IN 
sed by conclusions as to the relative economy of comparable Because of poor DIVERSION TUNNELS AT PARKER DAM 
quired othods rock structure it 
= Rock formations penetrated by these tunnels may be was necessary at 
» 4, de- idly grouped in order of their prevalence as (1) times temporarily to substitute the top heading and 
bridgr nitic and dioritic; (2) metamorphic, consisting princi- bench method or the top center drift method. The only 
lovee, f mica schist and gneisses; (3) tertiary sediments exception to the full face method was the Whitewater 
— sisting of medium, hard, red-brown sandstone con- tunnels driven through compacted alluvium. Here the 
iomerate and breccias; (4) partially consolidated quater- contractor elected to use the heading and bench method. 
TURES vary gravels; and (5) compacted alluvium, consisting In three other instances tunnels penetrating similar allu 
sand and sand clay with some “‘nigger-heads’’ and _ vial material were excavated by the full face method 
er) iIders. with greater progress. 
— The tertiary sediments required very little support. To economize on labor and equipment, the full face 
5 a ther formations required support varying from 25 to ‘‘alternating’’ method was used in a few instances where 
— \) per cent of the length. The gravels and other two headings were being excavated from an adit. In 
=e luvial materials required support throughout, but were — this method the mucking crews and drilling crews stagger 
”» a ually coherent enough to permit excavating without their work so that mucking is proceeding in one heading 
a spiling or breast-boarding. and drilling in the other. Apparently good results were 
a Because of difficulties with heavy flows of water, cost attained in uniform rock which required no support 
a va | progress records for the San Jacinto and Valverde While a considerable saving in the size of crew was 
- nels are not comparable to the others and are here effected by use of this method, equipment could not be 
rs “dl mitted in such comparisons. Methods employed in transferred with economy over distances greater than 
vale these two tunnels were described by Mr. Burk- about a half mile. Experience with the alternating 
or lder in CrviL ENGINEERING for September 1935. method showed that there was a great sacrifice in prog 
fll 4 to the beginning of any aqueduct work, the _ ress, indicating increased driving cost. 
in Metropolitan Water District decided to build and operate —_—iIn_the full face method of driving, the entire tunnel 
“peuae necessary construction utilities power transmission face is drilled each rc und from a carriage on which drifter 
oh was s, surfaced highways, water lines, and a telephone drills are mounted. The typical round required about 
sale we stem. This plan eliminated hazards inherent in desert 45 holes, drilled to a depth of 7.5 ft. The average time 
by struction work and thus reduced the bid prices. required for the drilling cycle, including setting up, dril 
a irges made lor these utilities were l'/, cents per kwhr _ ling, and moving out, was 2.6 hours. 
: piles r power ind 15 cents per 100 cu ft for water. ns In supported section the normal round was 4 to 6 ft, 
om Pum el construction was started January 1, 1933, and being regulated to the requirement for spacing of sup- 
sre Febru iry 2, 1954, contracts were awarded which re- ports. In firm rock, rounds of from 8 to 12 ft were em 
“yu sulted in the construction of 47 Al miles of tunnel by 13 ployed. Long rounds generally proved unsatisfactory 
om lly known construction firms. 1 he remaining because the ground broke in large blocks, which could not 
fone t ‘miles were built by two District construction organi- be handled by the mucking machine and required subse 
wer Excavation was carried on from 59 headings, quent plugging and shooting. 
ia 160 were reached from eight o The automatic-feed, pneumatic- 
pl ° udits; 12 through six vertical a Y experienced tunnel men hold type machine drill almost completely 


irom three inclined adits; 
irom portals in access cuts. 
the exception of San Jacinto 
excavation and lining of all 
s completed by February 
months after construction 
ad. It is anticipated that San 
ll be ready for the delivery 
water in September 1939. 
All tunnels are horseshoe 
it 3 in. and 16 ft O in. in 
meter, 
lent set at Boulder Dam 





the opinion that hard rock tunnel 
construction can be planned either for 
maximum progress or for maximum 
economy, but not for both. Experience 
in tunneling on the Colorado River 
Aqueduct refutes this belief. With the 
present greater use of mechanical equip- 
ment, say the authors of the accompany- 
ing paper, rapid progress and low cost go 
hand in hand. Their facts and figures 
are drawn from the construction records 
of 92 miles of aqueduct tunnels, and 
cover all important phases of the work. 
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replaced the screw-feed drill on this 
work. It was especially advanta- 
geous with the inexperienced labor 
employed at the start of the job be- 
cause it maintained constant pres- 
sure on the bit, thus permitting 
maximum drilling speed. 

Drill carriages consisted of 
welded pipe framework about 22 ft 
long, 6 ft wide, and 8 ft high, 
mounted on 36-in. gage car trucks. 
Folding platforms on each side and 
a deck on top provided working 


te 
~ 
7 A) 





space. °~ Platforms 
were usually raised 
and§lowered pneu- 
matically. Bars 
and columns 
clamped at the end 
of the carriage pro- 
vided support for 
the swiveled drill 
mountings so that 
holes could be di- 
rected at any de- 
sired location or 
angle. The pipe 
frame served as a 
manifold for the 
water and air sup- 
ply so that it was 
necessary to make 
only two connec- 
tions to the supply lines to place the unit in operation. 
In addition to being used for drilling, the carriage facili- 
tated the erection of supports and trimming when such 
work was done coincidental with driving. 

For blasting, 40 and 60 per cent gelatin powder in 
|'/, by 12-in. cartridges was used. The average powder 
consumption was 2.7 Ib per cu yd of solid rock, although 
some rock required as much as 7 Ib. It was detonated 
electrically from a 440-v circuit used exclusively for this 
purpose. The average time required for loading, blast- 
ing, and clearing the tunnel of fumes was 0.8 hour. 
Safety measures taken in the use of powder included 
protection of firing circuits by three locked switches, the 
use of safety primers (as explained by T. W. Osgood, 
Assoc. M. Am. Soc. C.E., safety engineer, in CrvIL 
ENGINEERING for January 1935), and the removal of all 
electrical circuits from the face before blasting. Lighting 
of the face during loading was accomplished by flood 
lights mounted on a tripod and operated from a storage- 
battery locomotive stationed 
75 ft from the face. 

[ypical ventilating plants 





Dritt JUMBO IN OPERATION 


TaBLe I. Cororapo River AQguepuct TUNNELS (15 Fr 2 IN. AND 16 Fr 0 In 


were used on the job, most of the mucking was din¢ by 
60 conveyer loaders. The shovels were especially py; iit 
for tunneling, and their 1'/,-cu yd dippers were well 
adapted to the handling of blocky material. Thy Vv wer re 
operated at the side of the tunnel, and because of the lim 
ited working space very careful swinging was necessary 
especially in supported ground. The conveyer loaders 
worked from the permanent center tunnel track. and 
track construction was simplified where they were used 

Because mucking machines cannot be kept liggit 
continuously, owing to the necessity of switching the , a. 
serving the machine, tunnel men are continually striving 
to improve the switching devices to reduce lost time, 
the many types of such devices tried out in the course o/ 
the work, the California switch proved the most succesc 
ful because of its simplicity, low first cost, and Saving in 
track construction. As perfected on this job, it c Onsisted 
of a section of double track with frogs and switch points 
at each end, welded on flat steel cross-members to form 
rigid unit which was superimposed on the single cente; 
tunnel track. Tapered rail section at each end permitted 
the easy passage of car trucks. Rollers mounted on cam. 
shafts were built into the switch, and the throwing 
levers caused the rollers to contact the tunnel track ; 
facilitate moving. Kept close to the heading at qj) 
times, one side of the switch stored the empty cars and 
the other side accumulated the loaded cars. Switching 
was accomplished either with a locomotive or with a smal] 
air hoist and cable mounted on the mucker. With this 
device, lost time at the mucker can be kept as low as one 
minute per car. 

Other types of switching devices developed and used 
on the job were described by F. E. Weymouth, M. Am 
Soc. C.E., in Crvit ENGINEERING for May 1934. 

The underground motive power generally used was 
storage-battery locomotives of from 5 to 12-ton capacity 
with the 8-ton size predominating. Trolley locomotives 
were used in five tunnels, but as the trolley line could not 
be carried to the heading, these locomotives were gener 


IN FINISHED DIAMETER) 








employed blowers of either the PER Proc- Man As 
positive displacement type or 1 wwe mt paeeal Gama Cons nase Houns Cass 
the constant pressure centrifu- PORTED Sarrt Lin Fr S&S 
gal type. They were gener- Colorado River 5,842 Portal Rock, dry 4.3 9.5 26.5 
: : : “= ' Copper Basin Nos. 1 & 2 12,273 Portal & Rock, dry 2.4 7.5 28.7 
ally designed to deliver 6,000 330’ adit 
. 7 . ; ‘ Ty. > y Whipple Mountain 32,238 Adit 924’ Rock, dry 18.7 7.8 27.2 
cu it per mun at each he ading Iron Mountain, east portion 23,645 Shaft 160’ Rock, seepage 51.7 6.1 41.2 
through 22-1n metal pipe Iron Mountain, west portion 16,208 Portal Alluvium rock, 60.0 7.6 30.5 29 
. = seepage 
supported on the sides of the — Coxcomb 17,795 Portal Rock, dry 50.2 7.9 31.5 
. te acting > East Eagle 9,440 = s— Portal Rock, dry 74.4 7.0 30.2 
tunnel. After blasting the cs Tends, cnct gestion 15945 Adit 1982’ Rock’ seepage 's os a : 
blower was reversed and run West Eagle, west portion 10,649 Portal Rock, seepage 61.1 6.4 37.1 
in the exhaust position for v”) Hayfield No. 1 9,734 Adit 300’ Rock, dry 98.9 5.7 31.8 2 
- CAM - Hayfield No. 2 5,435 Portal Rock, dry 89.7 6.2 28.8 22 
2 : ‘e » oc. Cottonwood 20,105 Portals Rock, dry 100.0 7.6 30.0 s 
to oJ) min to remove the an Mecca Pass, Nos. 1, 2, & 3 5,940 Portals Rock, dry 100.0 6.3 25.9 2 
cumulated gases. East Coachella Tunnel ; 
The early installations of Yellow Camp 21,572 Adit 686’ Rock, dry 56.3 7 : 9 ‘ 
ae 8 =a Fargo Camp 25,361 Adit 891’ Rock, dry 54.9 6.! 32.6 u 
‘@ slatine ine ‘ere cener- Berdoo Camp 29,101 Adit 2042’ Rock, dry 33.2 7.6 28.9 
ventilating pipe ware L eee Pushawalla Camp 20,671 Adit 2935’ Rock, dry 82.5 7 0 29 3 
ally unsatisfactory owing tO Thousand Palms No. 1 16,058 Portal Reet. dry 83.9 6.7 + : 
. 7 . = : The Thousand Palms No. 2 3,838 Portal Rock, dry 69.3 5.4 30 
I SS OF air at the i ints. he Wide Canyon No. 1 14,305 Portal Rock, dry 80.0 5.8 34.0 a4 
ipe was of age ti i Wide Canyon No. 2 848 Portal Rock, dry 100.6 3.8 44.2 
pipe was of 14-gage metal, in —& ort 0 3 
. ; . os Seven Palms 16,730 Portals Rock, dry 71.1 7.8 26.2 
30-ft sections, with slip joints. Long Canyon 15,305 Portal Rok, ary 83 i : 7 ae 2 2 
¥ afin f Blind Canyon 6,836 Portal ock, dry 99 2 2 - 
As the length of tunnels in ; ~———- | . y fe “ ; 
sae Morongo No. 1 1,725 Portal Rock, dry v8.4 7.7 25 - 
‘rease , Ss » eC » Morongo No. 2 1,892 Portal Rock, dry 100.0 14.8 17.4 
creased, this lo s reduc - the Whitewater No. 1 2,060 ~=Portal Alluvium, dry 100.0 7.3 32 
ventilation of the heading so Whitewater No. 2 8.172 Portal Alluvium, dry 100.0 8.8 26 
that it became necessary to Bernasconi * 6,220 Portal Rock, seepage 21.1 5.3 35 
weld the joints. With this Total dry tunnels 379,383 or 71.85 miles 62.0 7.04 30.2 
improvement, the plants gave San Jacinto 68,843 t Rock, heavy 50.0 3.9 
: ’ ; sleati inflows 
satisfactory ventilation tO yiiverdes 38,015 t Alluvium rock, 60.4 3.4 
adings 20,000 ft distant. wet 
he dings oh at li ca Total wet tunnels 106,858 or 20.24 miles 55.0 3.72 


Although five crawler-type, 
electrically operated shovels 


* 15 ft 3 in. in finished diameter 
clined adit 391%ft; shafts 64 ft 


204 ft, 192 ft 


+ Inclined adits 238 ft, 5,664 ft; shafts 246 ft, 796 ft; cross-cut ¥ 
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oar pped with batteries for operation in this region. 10 in., 12 by 12 in., and 16 by 16 in. Wall plates were 
ees i this ‘‘combination”’ type, one tunnel employed — used occasionally with the top heading and bench method 
of locomotives that carried a reel of cable so that to support soft ground. Ultimately the 10 by 10-in 
ssar uuld be supplied from the tre illey line as the loco- _ timber support was supplanted by the steel ribs, but steel 
ader ,dvanced beyond its end. Gasoline locomotives support was generally found not adaptable for use in 

. ed on most of the jobs for outside haulage. heavy ground. 
comotive batteries gave outstanding service Comparative costs per foot for erection and material 
iin to 14 hours of haulage use without recharging, for the various types of support were as follows: steel 
a whe w. Some are still in use at San Jacinto afterover ribs with timber lagging, $14.50; timber, $21.70; steel 
tri s of continuous service. ribs with metal lagging, $38.10; gunite, $2.40. 
e 0 Stec! cars of 3'/, to 6-cu yd capacity, equipped with Experience in the dry tunnels showed that as good 
ures r ball bearing journals, were used for muck haul- progress can be made in ground requiring continuous 
etnee a ley were either side dump or mine type. Auto- light support as in unsupported ground. The outstand 
vine mati uplers were used in some instances but the bar- ing example of this was the Morongo No. 2 Tunnel, sup 
ia type predominated. Used with a special safety ported continuously by timber-lagged steel ribs on 5-ft 
point secure greater separation of cars, this type gave a centers, where the driving progress averaged 14.8 ft per 
form satistactory safety performance. ; shift (the aqueduct record) throughout its 1,892-ft length. 
cent he 30-in. gage tunnel haulage tracks of 40-lb rail were The formation penetrated was compacted alluvium with 
mitte t to uniform grade and straight alinement to permit some “nigger-heads,’’ requiring drilling and blasting by 
n cas :pid transportation. Trains of from!8 to l12loadedcars the standard full-face method. 
ving were hauled. Automatic or hand-operated block signals Concrete material for lining was batched at plants 
rack | and telephones in- located near the tunnel entrances, where the weighed 
i stalled at critical dry materials were placed in specially designed cars for 
2 os points served to transportation into the tunnels. Water was added at 
stchis speed up haulage the mixer and the concrete was pumped or shot behind 
a small with safety. the forms through a single pipe. Both the continuous- 
th this Three types of pour method and the bulkhead method were employed 
‘ae ce: temporary sup- forarch lining. The former utilized 200 ft of telescoping 
port were used steel arch forms, which were moved ahead in 20-ft sec 
id used to meet varying tions as the work advanced. The latter required 60 to 
i” Dee rock conditions 140 ft of non-telescoping steel forms, which were moved 
timber lagged ahead after the concrete had set. Both methods gave 

ed was steel, metallagged good results but fewer cracks occurred in lining placed by 
apacit} steel, and timber. the bulkhead method. Better progress was secured by 
motives Gunite was ap- continuous placing. 
uld not plied extensively Most of the 1,554,234 cu yd of concrete placed in tunnel 
gener to the arch and lining, exclusive of San Jacinto, was placed with pumps. 





side walls of un- 
supported tunnels 
prevent air 
slacking and spal- 

ng. Applied as a coating of 1 in. or less thick, its early use 
generally saved the time and expense of erecting supports. 
Because much of the ground required only light sup- 
rt, experiments were made by the District to develop a 
latively inexpensive and quickly erected type. This 


Placing with pumps is still progressing in San Jacinto. 
Their use is believed to have effected an economy in ce- 
ment because they handled a dryer concrete. 

The concrete pump was adapted to tunnel lining by the 
District’s design of a placing unit mounted on self-pro- 
pelled car trucks which comprised a batch unloading 
hoist, a mixer, an agitator, a pump, and the necessary 
discharge pipe. Such units have a mixer capacity of | cu 
yd and a placing capacity of 25 cu yd per hr. Six of 


ERY LOCOMOTIVE AND Muck Cars 
IN COACHELLA TUNNELS to 


the adoption of a two-segment steel rib which 
ld be shaped to tunnel section by rolling from stand- 


these units placed 712,394 cu yd of arch concrete at an 
average rate of 187 cu yd per 8-hr shift. Four pump 








ird steel 4-in., 6-in., and 8-in. I-sections, thus making 
lable a type of support which by varying the spacing 
would fit any condition except very heavy ground. Tim- 
ber collar braces and steel rods were used to bind the sets 
g limber lagging was installed back of the ribs 
is required, usually being placed as open cribbing so that 
ncrete could be forced through openings to the rock 
walls. This type of support was an important factor in 
ncreasing progress and reducing cost. Prior to placing 
crete lining, this support was used to replace timber 
ts which had settled. In such cases the necessity for 
tunt el enlargement was frequently avoided. 
tal-lagged steel supports, consisting of arch ribs 
n wall beams and columns and lagged with 6-in. curb project- 
rugated pressed-steel liner plates bolted to the ribs, ing from the base 
xtensively at the beginning of the job, es- of the arch side- 
unnels through compacted alluvium. Costs walls, was used to 
terial and labor of erection ran high, and asa_ strike the surface. 
: (ype was gradually displaced by the timber- Mechanical vibra- 
gged steel type. tors were employed 
N ipports were the usual 5 or 7-segment sets to work the con- 
plumb-posts in dimensional sizes of 10 by crete under the 


units having a 2-cu yd mixer and a placing capacity of 40 
cu yd per hr were also employed. This type placed 
203,245 cu yd at an average of 278 cu yd per shift. 

A number of different types of air-placing units were 
used with good results, placing 434,434 cu yd of concrete 
at an average of 145 cu yd per shift. The record rates of 
placing were 311 cu yd per shift for air and 312 cu yd per 
shift for pumps. 

Invert concrete was generally placed after the arch 
concrete, and with 
the arch lining unit. 
A weighted screed, 
supported on the 


ether 


Set-Up FoR HIGH-PRESSURE GROUTING 
IN SAN JACINTO TUNNEL 
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» > screed, and a 
2 30 smooth hard sur- 
$ face was secured 
— by steel troweling. 
E226 Invert placing in 
. . / dry tunnels was 
: VA done at an average 
. of 100 cu yd, or 
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Average Advance per Shift, in Feet 


268 lin ft, per shift. 

Of the total 
concrete placed in 
tunnel lining, 20 
per cent went to 
fill overbroken 
areas outside of the pay line. The average pay quantity 
was 2.98 cu yd per lin ft, and the average placed was 3.72 
cu yd per lin ft. This work required an average of 11.46 
man-hours, 63.4 kwhr of electricity, and 460 gal of water 
per lin ft of tunnel. 

In the San Jacinto and Valverde tunnels extensive 
pressure grouting was done to shut off water that might 
build up objectionable pressures on the concrete lining, 
and to increase the strength of the lining. This opera- 
tion was accomplished in several stages. The voids back 
of the lining were first grouted at low pressures and later 
sealed with high pressures. 

Grout was also used to fill the voids disclosed by a 
systematic drilling of test holes in the arch. No pressure 
was employed in this case, and sand was usually added 
to the grout mixture to lower the cost. 

['ypical construction costs for the dry tunnels are repre- 
sented by the District's force-account construction of the 
33.74 miles in the Coachella Tunnels. The total cost 
per linear foot was $100.35, of which $70.20 was for 
excavation and support, and $30.15 was for lining, in- 
The average cost of excavation was 


Fic. 1 RELATION BETWEEN AVERAGI 
CREW AND AVERAGE ADVANCE PER SHIFT 
FOR 71.85 MiLes or 16-Fr DIAMETER 
Dry TUNNELS 


cluding cement. 
$3.60 per cu yd, and the average cost of concrete placed 
in lining was $6.68 per cu yd. These are total construc 
tion costs and include a plant and equipment depreciation 
of $1.05 per cu yd for excavation, and $0.40 per cu yd for 
lining, as well as cost of tunnel access, superintendence 
and accounts, and engineering and administration. 

Che installed cost of plant and equipment for dry tun 
nel excavation (exclusive of camps and utilities) was pro 
portional to the length of tunnel driven from each 
surface plant. The following table represents average 
costs (1933 basis) for both single and double headings for 
dry tunnels of various lengths 


ry Fert SINGLE HEADING DousL_e HEADING 
Ooo = &§7.000 
7 in 104 000 
wn 1000 £175.000 
9 ” 170.000 190.000 
» O00) 215.000 202 O00 
i") 245.000 215.000 
20 O00 245 000 
inn sim) (Mw 
s70.000 


hese costs represent the total outlay for equipment 
plus the cost of labor and material for installation. They 
do not reflect the salvage value. It will be noted that 
single headings were equipped at less cost than double 
headings for lengths of 14,000 ft or less, and conversely. 

The records for driving all main aqueduct tunnels show 
an average progress of 5.89 ft per 8-hr shift. For dry 
tunnels the average is 7.04, and for difficult wet tunnels 
3.71 ft. Outstanding monthly advances of 1,101 ft and 
1,084 ft were made in Thousand Palms No. | and in Cop- 
per Basin No. 2 tunnels. The high daily advances of 54 
ft and 55 ft were made in Seven Palms and Whipple 
Table I shows the pertinent 


tunnels, respectively. 
This out- 


progress and man-hour data for all tunnels. 
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standing progress was made possible by the followin, 
expedients: (1) Selection of men of exceptional ability 
to fill the key positions; (2) adoption of the full fac. 
method of driving and the development of improved plant 
units to take advantage of this method; (3) general y¢ 
of standby mechanical units such as mucking machines 
machine drills, locomotives, and concrete placing units. 
(4) development and use of more quickly erected supports 
(timber-lagged steel); (5) emphasis placed on progress 
by job managers. The progress records on all tunnels 
were distributed to the workmen in the District's pj. 
weekly publication. This fostered a spirit of friendly 
rivalry between crews. 

While the costs and progress expressed as average 
for the entire job are believed to be exceptional, the 
driving of 27 tunnels from 44 headings under similar 
conditions and through comparable formations gave 
wide range of individual records. These records hay 
been studied to find out whether the tunnels having thy 
best progress records also have the best cost records, 

For the individual headings the average size of crey 
has been plotted against the average advance per shiji 
for both single and double headings (Fig. 1). The curves 
are the average experience for all dry tunnel constructio: 
and indicate the following: 

1. Progress per shift varied as the size of crew varied 
more men being required for greater progress. 

2. For the same progress larger crews were required 
for single-heading than for double-heading operations 

The jobs that made the better rates of progress utilized 
larger crews and paid out greater sums for labor. |; 
order to determine whether these increased labor costs 
were justified, progress per shift has been plotted in Fig. 2 
against actual cost of excavation, exclusive of cost of su; 
port. This graph shows that the tunnels which mac 
the best average progress were driven at the lowest cos 
It indicates that 








an increase in .” 

progressoflftper 4 

shift had a value ° : 

of $7.20 in excess # , 3° : 

of the additional 2 ° * = 

cost for the in- §& ™ 
creased crew. & : 

Each mile of tun- & 





nel driven at the “5 50 55 6 6 70 75 
increased rate Cost per Foot of Excavation Exclusive of Support. in 0 
would represent a 
saving of $38,000. 
As a means of in- 
creasing progress, 
a portion of this sum could have been expended io 
additional equipment or bonuses, if necessary. 

Tunnel driving progress is not a commodity that 
always be purchased, for ground conditions to a larg 
degree determine costs. But it is equally true that tu 
nels are frequently either over or under equipped, or ove! 
or under manned, and it is believed that the cost-progress 
diagram indicates a trend of the relationship betwee! 
these factors which supports the general statement that 
high progress and low cost go hand in hand. In tunne 
work where good progress can normally be made tt 
usually possible to step up the average advance by plat 
improvements and by fostering the competitive spi 
common to all good workmen. 

The tunnels described in this article were construct? 
by the Metropolitan Water District of Southern (4 
fornia, of which Frank E. Weymouth, Hon. M. Am. > 
C.E., is general manager and chief engineer, and Julia! 
Hinds, M. Am. Soc. C.E.., is assistant chief engineer 


Fic.2. RELATION BETWEEN EXCAVA 
PROGRESS AND Cost FOR 71.85 MILes 
16-Fr DIAMETER Dry TUNNELS 
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lendly A UTHORITY, New Yorn, N.Y 
erages 
ul, th {E Bronx-Whitestone Bridge across the East charges. Thus both bridges, individually and jointly, 
similar River in New York, now nearing completion, adds _ will be self-liquidating. 
ave ne more to an already imposing list of great spans Construction was started in June 1937 and so rapid 
» ha ted within the last ten years. Like all structures of has been the progress that the bridge is expected to be 
ng t usual proportions, it presents its peculiar problems ready for traffic on April 29, or three months earlier than 
S | materializes in its design certain ideas and develop- _ was originally anticipated. 
f ere ts toa more far-reaching degree than its predecessors. eee: one nee A 
r si its uncommon features are the application to Fe ey ee es a 
curv’ , great suspension span of a flexible stiffening sys- CAPALEEY 
uct the form of solid plate girders, and the design of The East River at the bridge site is about 3,300 ft wide 
wers as rigid frames without any diagonal cross- between shore lines and 2,250 ft between pierhead lines 
varied ng either above or below the floor. Both features established by the War Department. A solid rock bed 
bute to the graceful appearance and structural of Manhattan schist lies at a depth of 100 ft below water 
quir ity of this type of bridge. level near the Bronx shore, 160 ft below on the Queens 
jons simplicity and economy of the design are further side, and at a possibly greater depth near midstream. 
itilized ted in the anchorages and adjacent approach via- An overlying layer of glacial drift of varying thickness, 
ir. | which are reduced to the minimum as to ma- and a layer of silt forming the bottom of the river, pre- 
r Cos rials required for strength and stability, and are devoid cluded the placing of pier foundations above the rock. 
| Fig <traneous architectural embellishments. This struc- Under these circumstances it appeared that a single 
ol | simplicity has in no small degree contributed to the suspension span with towers located close to the pier- 
| m precedented speed in the construction of the bridge. head lines was the most suitable solution. The Queens 
st \s a self-liquidating bridge project it deserves recogni- tower and anchorage might have been placed farther 
because of the liberal inclusion of approach high- out in the river, thus shortening the channel span. This, 
‘=. planned not merely as modern traffic arteries, but however, would have resulted in a lopsided arrangement 
parkways, 250 to 400 ft wide, which with the bridge with respect to the river, and its economy would not have 
rm another link, about five miles long, in the metro- been sufficient to outweigh the advantage of a waterway 
litan parkway system. entirely free from obstruction to navigation. Another 
he project owes its inception in 1935, a year before possible solution, namely two long river spans of the 
™ he opening of the Triborough Bridge, and its rapid con- arch or truss type, with a pier about midstream, would 
summation to the vision and resourceful efforts of Robert have been of questionable economy, because of the great 
ws Moses, chairman of the Triborough Bridge Authority, cost of a central pier and the relative cheapness of the 
who realized that the bridge would form an essential link suspension type for such a long span. 
the arterial highway system and a valuable approach With the center span fixed at 2,300 ft, the adoption of 
’ the New York World's Fair, which was then being side spans 735 ft long was essentially a matter of eco- 
{1 planned at Flushing Meadows. nomical relationship to the center span, since no topo- 
involving an expenditure of $18,000,000, the project graphical or geological conditions influenced the location 
vas financed by the Triborough Bridge Authority in of the anchorages. The total length of the bridge proper, 
ded | 1937. This was a logical step, because the Tri- including the anchorages, thus became 4,015 ft. A clear 
rough and Whitestone bridges are to some extent height of 135 ft above mean high water at the channel 
hat mpetitive—about 26 per cent of the Triborough line near the Bronx shore satisfied navigation require- 


trafic may be diverted to the Whitestone Bridge. 
ther diversions, plus an allowance for new 
uld bring the volume over the Whitestone 
the first year to at least 6,500,000 vehicles. 
ned volume over both 


ments. The height increases to 150 ft at the center of 

the span. 
The approach viaduct on the Queens side is 1,620 ft in 
length, and that on the Bronx side is 2,360 ft. Both 
viaducts consist of continuous plate 


ugh and the White- 4 NOTHER link in the comprehensive girder spans on concrete piers. 
- es should be close to arterial highway system of the New Preliminary studies made for a 
ae hicles. Withthe same York Metropolitan region will be com- four-lane and a six-lane capacity 


- w in force on the Tri- 
e 5 rough Bridge—25 cents for pas- 
d from 25 to 75 cents 
d buses—and an esti- 
| operating charge for 
es of $600,000, the net 
more than sufficient 
rest and sinking fund 





pleted on April 29, 1939, with the open- 
ing of the Bronx-W hitestone Bridge. The 
new structure breaks no records for length 
of span but it embodies a number of de- 
partures in design that emphasize. more 
strongly perhaps than mere increase in 
size, the rapid progress that is taking 
place in the bridge-builder’s art. 
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indicated a cost differential of three 
million dollars. In the expectation 
that a four-lane structure would 
have ample reserve capacity for 
many years, and that when traffic 
reached the capacity of the bridge, 
the construction of another crossing 
in that general vicinity would be- 
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come justified, the 
four-lane alter- 
nate was adopted. 

In the final 
plans, however, 
each of the two 
roadways was 
made 27 ft 6 in. 
wide at the bot- 
tom and 29 ft | in. 
wide at the top of 
the curves in order 
to provide greater 
traffic flexibility 
and to take care 
more effectively 
of traffic peaks, 
which on this crossing will occur at times of heavy 
pleasure automobile traffic (Fig. 2). Experience on 
the George Washington Bridge, which now has road- 
ways 28 ft 9 in. wide between vertical curbs, has proved 
that during trafic peaks passenger automobiles travel 
conveniently in three lanes in one direction. As many 
as 3,961 cars crossed this bridge in one direction during 
a peak hour, or 65 per cent more than the maximum 
number ever recorded on a two-lane roadway in the Hol- 
land ‘Tunnel (2,393 cars per hour). 

Since the load from six lanes of automobiles is not 
greater than the average from four lanes of mixed traffic, 
it was permissible to proportion the structure for a four- 
lane load. The additional cost by reason of the wider 
floor was found to be only $250,000. 


Washington 
Bridge 
Triborough 


Bronx Whitestone 
Bridge 














LOCATION Map 


DESIGN SPECIFICATIONS 

With few modifications the design specifications used 
for the George Washington Bridge (TRANSACTIONS, 
American Society of Civil Engineers, Vol. 97, 1933) 
were adopted for the Bronx-Whitestone Bridge. 

Che actual average dead load of the suspended struc- 
ture is 10,940 Ib per ft of bridge in the center span and 
10,780 in the side spans. The weight of each tower is 
approximately 3,500 tons. 

Che live load corresponding to four lanes of vehicular 
traffic was assumed at 3,000-1b per ft of bridge for the de- 
sign of stiffening girders, cables, towers, and anchorages, 
and at 8,000 Ib for the suspenders. 

Che wind force from an intensity of 30 Ib per sq ft 
of exposed surface was estimated at SOO Ib per ft of 
bridge acting on the floor, 120 lb on both cables, and 
5,500 Ib per ft of height on each tower. 

A change in temperature of +55 F was assumed to 
determine stresses and one of +75 F to allow for expan- 
sion and contraction of the floor. 

For the two roadways a light 4'/2-in. concrete slab 
encasing longitudinal bulb beams and transverse rein- 
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The stiffening girders also act as chords of the wind 
truss and form the outer railings of the footwalks. 7p, 
diagonals of the wind truss—which, with every secon, 
floorbeam, form a K-system—are located in the plane 
of the bottom flanges of the roadway stringers 

Expansion joints are provided in the roadway at each 
tower. At the anchorages the floor is fixed longitygj. 
nally, but open joints allow it to deflect. The stiffenjp, 
girders are discontinued at the towers and their end 
suspended by short hinged hangers from brackets a; 
tached to the towers. 


; 
us 
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STIFFENING GIRDERS AND WIND TRUSS 


It is now well established that long-span suspensip, 
bridges for modern highway traffic may have a relative), 
flexible stiffening system, and that the degree of flex 
bility has a material effect upon the economy of thy 
design. In this respect the Bronx-Whitestone Bridg: 
marks another radical departure from past theories and 
practice. Its stiffening girders have greater flexibjlit, 
in relation to span length than any other suspensio; 
bridge built in recent years, except the George Washing 
ton Bridge in its present state with only a single unstij 
fened highway deck. The latter bridge, however, with , 
present roadway capacity equivalent to that of th 
Bronx-Whitestone Bridge, has a suspended dead weight 
per linear foot 2 '/, times greater, a center span 56 per 
cent longer, and side spans somewhat shorter, all 
which factors contribute to the greater rigidity of th 
unstiffened cables. 

It was the aim of the writer, on esthetic as well as 
structural and economical grounds, to restrict 
height of the floor structure to a minimum, to avoid 
trusses, and to keep the top at such an elevation above 
the floor as not to obstruct the view of the landscape: 
from passing vehicles. A depth of 11 ft for the stiffening 
girders was found to be sufficient and to fit best into th 
floor structure. This is only '/20 of the length of th 
center span and '/7 of the side span. 

The flexibility vertically is such that the stiffening 
girders exert very little restraint upon the deformations 
of the unstiffened cables, except under heavy local load 
concentrations. Under a live load covering the center 
span, and maximum temperature, the unstiffened cables 
would deflect in the center 9.85 ft, while the stiffened 
cables deflect 9.72 ft, a reduction of only 1.3 per cent 
For a live load covering the central 700 ft, the corn 
sponding values are 10.77 and 9.50 ft, a reduction oi 
per cent. The maximum deflection at the quarter pot 
is 9.90 ft without the stiffening girders and 9.27 ft with 
them—a reduction by the stiffening girders of 6.4 per 
cent. The function of the stiffening girders is thus 
duced principally to stiffening the floor system agaist 

excessive local bending ol ' 
‘ floor and to acting as chord 


























forcing rods was found most suitable and economical. Fic. 2. «me ® _ of the wind truss. 
Under the provisions of the contract the American Bridge Cross 0. 7 The maximum grade changes 
Company submitted and was permitted to use the so- SECTION : from live load and temperatur 
called I-beam Lok floor, which is similar in design. The OF BRIDGE 3 

slab rests on cross-beams, whichin , ;-;. 5 || — 

turn rest on the longitudinal string- LT = s 

ers that frame into the main floor- ® r 3 

beams. The latter are riveted \| .» 

girders 6'/, ft deep, located alter- poral wi 

nately at and midway between 8" 276" 

the suspenders. They are framed fi’ fl 

into the main longitudinal girders, fa ————— 

which act as stiffening girders, one i | | q 

on each side of the floor in the = | | 

plane of the cable and suspenders. j4——# —4 










































































4 \ No.4 Civit ENGINEERING for April 1939 219 
he wind joor occur in the center span at the towers 
s. The . normal grade of the roadway is 4 per cent. 
second nperature combined with live load could ine >= — 
le plane sc the grade by 3 per cent, though under actual "stiffening Girder == 
. s the increase will probably never be more Anchor ran. 
at eacl r cent. 
ngitudi iting of the floor transversely at the center of the 
hit ening pan due to live load on only one roadway is 6.3 
Cir ef 
kets a e stiffening girders in the center span, silicon 
s selected as the most economical material. ak Anchor 
stress for a combination of wind with tempera- “£150 nc 
— One aig HW 75 a 
one-half live load is 30,800 Ib per sq in. in noe Yee ; 
‘ae id 25,300 Ib in compression. The axial stress +o ee 
or ete, vind is predominant and, in order to make the ! ‘is 1 
= Hex effective against buckling, the girder web had to it SS eS ver 
Bride ened to */, in. and stiffened by longitudinal lone conn be 
waee One I side spans the maximum combination of live (oon —. > 
lexibilit id, temperature, and one-half wind load causes unit meant: —d a 
spensio: resses of 25,300 Ib in tension and 22,100 Ib in compres- ~~ —— Comer Uno ot Bridge. f 
Nashing for which carbon steel was adequate. Because the ¥ 
le — stress from wind is small, no strengthening of the 
ery web against buckling was required. The weight 
Sasi ‘both stiffening girders is only 1,540 lb per ft of bridge 
d weigh he center span and 1,250 Ib in the side spans. 
7 = lhe wind truss is hinged at the towers and anchorages. RTE acl Mica Schist 
t, re faving a width of 74 ft between stiffening girders, or ae ee 
— ly of the center span, it is fairly flexible, with the Fic. 3. VerticaL SecTION THROUGH QUEENS ANCHORAGE, 
re sult that of the SOO-Ib wind force acting directly on the witu HALF-SECTION THROUGH CAISSONS 
a r, an average of 300 Ib is transmitted to the cables. 
Tit Za lateral deflection of cables and floor at the center (Fig. 3). It is almost triangular in elevation, the 
hs ah : the main span under full wind force is 8.5 ft, or '/as rear face being curved to follow roughly the direction 
vane nat the center span. Wind truss diagonals are of carbon of the cables and anchorage chains. rhere are no 
stiffening ind weigh on the average only 207 Ib per ft of architectural embellishments except slanting grooves, 
+ inte ige indicative of the lines of pressure, which are provided 
th of t cameme eeniieesthieeste » iim aueibaiassidiaia to break the uniformity of the surface. Phe distribution 
' ‘ : of concrete is such as to assure stability and permissible 
stiffening [he suspenders and cables, their details and materials, stresses and foundation pressures with the minimum 
aia form to recent practice in the design of large wire amount of material. Ok ft 
neal load suspension bridges. The sag of the cables, 200 In plan the anchorage is U-shaped, the rear half being 
he center of the length of the center span, is compatible solid concrete while the front half consists of two -side 
ae herr gc d design and graceful appearance. Each of the walls, 32 ft thick at the bottom and joined at the front 
stiffer two cables has a finished diameter of about 22 in. anda face by a thin curtain wall. 
per cent ts tional area of wire of 297 sq in. The eyebar chains run diagonally down to the heel of 
the corr he maximum stress in the two cables from dead load, the anchorage block. There they are connected to a set 
60 id, and temperature is 50,200,000 Ib. A resulting of double-web anchorage girders which, for convenience 
on O1 - ~ . ° - ° : ° 
ee b it stress of 84,500 Ib per sq in. was permitted. of erection, are placed horizontally, and rest upon a gril- 
7 ft w So per cent higher than allowed in other recently lage of beams and girders. ; fi 
ft large bridges, but is justified in view of the uni- The Bronx anchorage has a concrete base, 15 ft thick, 
ion it and high average strength and ductility ob- which distributes the pressure to the firm sand and 
on t this cold-drawn wire. The results from about — gravel soil only 16 to 21 ft below the surface. a 
ee ll ) specrmen tests showed a range of from 226,300 The Queens anchorage, which is the one shown in Fig. 
a 00, with an average of 233,300 Ib per sq in. for 3, rests on four caissons, two rectangular ones under the 
ugth, an average yield point (defined as the point front part and two circular ones at the rear. The 
fe cl eae CONGREIOE Ets 10 inches is 0.70 per cent) of 177,500 latter take only vertical loads, the horizontal force being 
mperat er sq in., and an average elongation in 10 in. of 6.6 per resisted by the front caissons. All foundations were 
a carried to solid rock at depths of 156 to 164 ft below 
‘ach suspender consists of the two parts of a pre- mean high water. 
tressed 2-in. wire rope looped over the cable bands. The size of the rear caissons was governed by the load 
rope when tested to destruction over a sheave was condition prior to the taking of stress by the cables. 
ured to develop a strength of the two parts of 600,000 Under this temporary condition the maximum founda- 
‘nd the actual strength in three tests ranged between tion pressure was 44.9 tons per sq ft with buoyancy 
aL “U0 and 717,800 Ib. The maximum stress in a sus- neglected. Under full cable pull the rear caissons are 
q ender is 340,000 Ib. almost relieved of compression. 
ee ACh the anchorage cable bearings the strands of The front caissons were located and proportioned so 
[ splay and connect in the usual manner with that under full cable pull there would remain a small 


ge eyebar chains. 
orage presents the appearance of a plain 
x 110 ft wide, 180 ft long, and {110 ft high 





downward pressure on top of the rear caissons and the 
foundation pressure at the front of the front caissons 
would be within the permissible limit, while the com- 








t- 
te 


pression at the rear of the front 
caisson on top had to be within the 
permissible compression of concrete. 
To meet these conditions with great- 
est economy, the four dredging wells 
in the front part of the front cais 
sons were not filled with concrete. 
The maximum compression at the 
top of the front caissons is 670 Ib 
per sq in. and the maximum foun- 
dation pressure, neglecting buoy 
ancy, is 32.5 tons per sq ft. 
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TOWERS AND THEIR FOUNDATIONS 

The towers are elastic frames, 
very plain in appearance and simple 
in structural design (see Page of 
Special Interest in this issue). Each 
tower consists of two vertical shafts 
tied together by two deep portals, one at the top, high 
above the floor, and one immediately below the floor. 
Iransverse diagonal bracing or intermediate struts 
are avoided. The shafts and portals are of closed box 
section throughout. 

Che omission of sway bracing in the tower frame re- 
sults in greater bending stresses and transverse deflections 
from wind, and in turn in greater secondary stresses 
from the vertical loads due to these deflections. How- 
ever, as designed the tower frames possess great rigidity 
as is indicated by the relatively small transverse deflec- 
tion of 5'/g in. at the top. The secondary stresses from 
the vertical loads due to this deflection amount to less 
than 5 per cent of the total fiber stress. 

The towers are 377 ft high from mean high water to top 
of cable housing. Each tower shaft has a T-shaped 
section (Fig. 4) which is subdivided by intermediate 
webs into 12 rectangular cells. The width parallel to 
the axis of the bridge tapers uniformly from 18 ft at the 
bottom to 12ftatthe top. Transversely the shaft width 
is uniformly 16 ft. The shaft sections are stiffened 
longitudinally by diaphragms from § to 13 ft apart. 

Each tower shaft rests on a structural steel base which 
is in fact an extension of the shaft section, spreading the 
bearing on top of the concrete piers to an area of 25 by 
27 ft. Since under certain combinations of forces ten- 
sion results at the extreme corners of the tower base, 
the latter is securely anchored to the pier by means of 
twenty-four 3-in. anchor bolts which engage a steel 
frame embedded in the concrete. 

The portals have a rectangular box section 7 ft wide 
and 23 ft deep at the center. They are also stiffened by 
horizontal and vertical diaphragms. The towers are 
topped by a housing which covers the cable bearings 
and supports the airway beacons. 

The rigid portal at the top made it possible to place 
the cable bearings excentrically with respect to the 
axis of the shafts, as seen in the cross-section of the 
bridge. This was desirable to effect a simple and eco- 
nomical arrangement of the floor structure at the towers. 
Che bending stresses in the shafts resulting from this 
excentricity are appreciable only near the top, where the 
bending stresses from the longitudinal deflection of the 
towers are smallest. 


Fic. 4. 


DEFLECTIONS AND STRESSES IN TOWER: 


rhe cables were so adjusted in relation to the towers 
that under normal temperature and full dead load the 
towers deflect at the top 3 in. shoreward parallel to the 
axis of the bridge. Under the most unfavorable combina- 
tion of live load and temperature they deflect from this 
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TypicaL TOWER-SHAFT SECTION 



















Vou.9, No. P 
normal position 15 in. riverward ang 
11'/, in. shoreward, or from the yer. 
tical position 12 in. and 14!/, jp 
respectively. 

The maximum combination 
axial and bending stresses calls ; : 
fairly uniform shaft sections, in- 
creasing from 1,637 sq in. at the top 
to 2,070 sq in. at the base. It was 
found that with the minimum ¢g, 
tions practicable for the adopted 
dimensions of the tower shafts, car. 
bon steel was adequate throughoy: 
Silicon steel would have involyed 
excess sections. 

The maximum axial unit stresses 
in the tower shafts are about one. 
half of the maximum extreme fiber 
stresses and less than two-thirds of 
the permissible stresses for axial compression. Thy 
extreme fiber stresses govern throughout. The may; 
mum stress is 21,100 lb for a combination of dead 
load, full wind, one-half live load, and one-half tem 
perature. 

Each steel tower rests on a pier consisting of two solid 
concrete pedestals, 34 ft square, extending from 14 ft 
above mean high water to 10 ft below. The two pedes 
tals are connected by a deep reinforced concrete strut 
and each pedestal rests on an open caisson, 38 ft squar: 
with four interior dredging wells which are left ope: 
except for a seal course at the bottom, so as to minimiz 
the foundation pressure. The foundations reached 
depths of from 144 to 151 ft on the Queens side and from 
96 to 98 ft on the Bronx side. The average foundatio: 
pressure is 18 tons, and the greatest corner pressure 2) 
tons per sq ft. 
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2" Plate 
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QUANTITIES, CONTRACTORS, AND ENGINEERS 


The bridge and approaches contain 22,300 tons of 
steelwork, exclusive of reinforcement in concrete. 0! 
this quantity, 14,500 tons are structural carbon steel 
3,030 tons silicon steel, 4,370 tons steel wire, and 400 tons 
steel castings. There are about 200,000 cu yd of con- 
crete in the foundations, piers, and anchorages. The 
cost of the bridge and approaches, exclusive of property 
is approximately $10,000,000. 

Construction was carried out under five major con 
tracts by the following contractors: Frederick Snare 
Corporation (tower and anchorage foundations); Cor- 
betta Construction Company, Inc. (anchorages and 
approach piers); and American Bridge Company (tow 
ers and entire superstructure). 

In planning and design of the bridge and approaches 
the writer was assisted by E. W. Stearns, assistant 
chief engineer; Allston Dana, engineer of design; and 
E. W. Bowden, assistant to the chief engineer. Leon». 
Moisseiff was consulting engineer on design; Moras, 
Proctor, and Freeman, consulting engineers on the 
foundations; and Aymar Embury, architect. Madigat- 
Hyland, consulting engineers (E. H. Praeger, chiel eng 
neer, and Col. H. W. Hudson, engineer of construction), 
were in charge of the planning of the parkway connections 
and the construction work for the entire project. Waddell 
and Hardesty were consulting engineers for the bascule 
bridge across Flushing River, a part of the projec 
The inspection of all materials was attended to by “ 
inspection division of the Port of New York Author) 
in charge of George L. Lucas, engineer of inspect" 
All the individuals mentioned are Members of 
Society. 
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~ ield Control of Compacted Earth Fill 
tion General Considerations, and Description of a Simple and Reasonably Accurate Testing Technique 
calls for By Howarp F. Peckworrn 
‘the ‘ MEMBER AMERICAN SOCIETY or Civit ENGINEERS 
It w s Paciric Constructors, INc., SHasta Dam, Reppino, CALi 
LIM] Se —— . 2 ‘ . ‘ 
dopted (ABILITY of the earth to ¢ HE field control procedure described passes by a given roller on a given 
fts, car. used in a compacted fill de- here shows the relationship between material. In other words, we can- 
ughout ls on many factors, fore- characteristics of earth suitability, per- not compute how much energy must 
nvolved ; which are the nearness and meability, shearing value, and density. be expended to produce a fill that 
feasibility of hauling the It also gives a simple, direct, and reason- will meet the given density or per- 
stresses place; the workability of ably accurate method of finding the de- meability requirements. 
uh ons after it has been hauled = gree of densification of compacted earth paction results of a given number of 
me Sher place; its impermeability or such as is encountered in rolled earth passes by a roller of a given weight 
hirds «| ty to hold back water in the im- fills, with a field method giving directly on a given material must be meas- 
1. The us section of the fill; itsshear- the relationship between the density of a ured in the field by accurate field 
> mar ability to hold its place given material of known moisture con- tests. 
f dea saturated; and its freedom (tent and the number of passes with a Permeability after saturation is 
on bjectionable vegetable matter given roller. A copy of the author's a function of many qualities, some 
minerals soluble in water. original manuscript, of which this isan of which are the true cohesion (in- 
WO S Workability is a function of the abridgment, has been filed in the Engi- termolecular attraction); the ap- 
nm 14 ontent, the size and shape of neering Societies Library for reference parent cohesion (true cohesion plus 
) ped idual grains, the size and grad- (50 pages of typewritten text, 25 fig- capillary rise); the size, shape, and 
e str the individual grains asshown ures, and 23 photographs). grading of the grains; the tempera- 
squar i grain size accumulati m curve, ture that controls viscosity; the 
on size of the block into which the earth breaks up when compaction, densification, and percentage of air voids; 
onion from the borrow pit, and the type of soil. Worka- freedom from large rocks; and the percentage of mate- 
reached will control the type and weight of the rolling rial that will decay or become soluble in water. 
nd fron ment, and the rolling equipment to a certain extent The standard expression for rate of percolation through 
ndat hange an unworkable earth into a workable one. compacted fill is a distance divided by time, while the 
ssure iesired degree of compaction can be obtained with permeability coefficient is the quantity of water at 60 F 
r passes with a heavy roller than witha lighter roller in gallons per day flowing through a |-sq ft area of the fill 
i certain point, but the foot-pounds of work done normal to the direction of flow under a hydraulic gradient 
RS ller depend upon the relationship between the of 1. The method of field control should be exact 
tons rkability of the earth and the weight of the roller. enough to produce 
ste. s relationship can only be obtained by field observa- a fill having within 
nm ste nd field tests. For instance, an extremely light close limits the 
10) tons r could possibly make an infinite number of passes predetermined 
of co i heavy, dry, shaly clay and not give the compac- permeability. The 
s Th heavier roller would; likewise a uniform, fine- possible working 
ropert plastic clay rolled with an infinitely heavy roller limits might vary 
t the upper limits of moisture content might never from zero to 100 
jor | ucted because the roller would merely punch gal per sq ft per 
k Snar it or churn it back and forth. Thus it isim- day, and it is now 
): Cor ble to equate foot-pounds of work to number of recognized that 
ee the zero limit is 
y (tow almost unattain- 
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able, thus chang- 
ing the problem 
to that of control- 
ling, limiting, and 
predicting leakage 
instead of trying 
to attain absolute 
impermeability. 
The shearing 
value of the earth 


is dependent on two factors 





SHEEPSFOOT ROLLERS WORKING IN 
LANES, SHOWING PROPER METHOD 
OF TURNING AT ENDS 


the cohesion, both true 
These factors 






uthorit | NG Fitu at INLAND Dam, BrRMINGHAM, ALA 
pectic! vaue “ie Truck-Dumped Material Is Being Spread, Large Rocks 
rt Are Picked Out by Hand 


to 
te 


and apparent, and the internal friction. 
in turn depend on the type of earth used; the size, 
shape, and grading of the grains; and the degree of 
compaction and percentage of air voids after compac- 
tion. It also depends on the water content and on 
the past history of the soil—that is, whether it has 
been subjected to great pressure, weathering, rolling, 








te 
te 
te 
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ro A CuToFF WALL 


HAND TAMPING NEXT 


or proximity to pile-driving operations. The angle of 
internal friction is a purely theoretical angle arrived 
at by finding the shearing stresses of samples of the 
same material to which differing amounts of vertical 
load are applied. The unit shearing force at point of 
yield is plotted vertically, and the vertically applied unit 
load is plotted horizontally. An average straight line is 
drawn between these points and the angle between this 
line and the horizontal is the angle of internal friction. 
If the line goes through the zero point, the earth is co- 
hesionless. In cohesive material the line will intersect 
the vertical at a certain stress, which equals the cohesive 
value of the material or the unit shearing stress at a 
vertically applied load of zero. In using the angle of 
internal friction in calculations for the design of suitable 
slopes, homogeneity and constant cohesion must be as- 
sumed or the embankment slopes must be changed to 
suit material from different borrow pits. 

In applying the results obtained, the differing condi- 
tions affecting embankments must be thought of—for in- 
stance, conditions of continual submergence; sudden 
drawdown; continual seepage without submergence; 
the presence of dried fissures, clay, or excessive cracking 
at the top of the slope; and the vertical distance from the 
toe of the slope to bedrock. Also, mature experience and 
common sense must be freely brought into play along 
with the mathe:natical calculations. Going from a ma- 
terial with a cohesive value in excess of 1,000 Ib per sq 
ft and an angle of internal fric- 
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VoL. 9, N 0.4 
necessary to satisfy the shearing value determined Upor 
plus a liberal factor of safety (usually from 50 to iy 
per cent). It must also satisfy the maximum allowable 
rate of percolation, plus a liberal factor of safety. By A 
satisfying both these conditions, it must come within th, 
economic limits of workability and to do this a weigh; »j 
roller must be determined by experiment that wil] gi) 
the desired dry weight with from 6 to 30 passes. 7y, 
angles of internal friction and rates of percolation shoy\ 
be determined at different degrees of densification fro» 
very loosely packed earth to very densely packed earth, 
and these tests should be made in a first-class soils labor, 
tory by experienced soil technicians. 

As there is an optimum degree of moisture at which ti 
desired compaction can be obtained with a minimyy 
expenditure of energy, field moisture content must be ge 
between limits below which and above which the mipj. 
mum dry weight cannot be obtained with the equipment 
and earth at hand. This can be readily determined }y 
making absolute specific gravity tests, drawing the “‘zer 
air voids” curve, and comparing it with the dry-weight 
moisture-content curve. (A typical zero air voids cury: 
is presented as Fig. 1. It shows the relation between thy 
dry weight per cubic foot and the moisture content ; 
series of theoretical samples of a given earth containing 
nothing but earth particles and water. The dry-weigh: 
moisture-content curve, shown in Fig. 2, is an actual 
curve made by compacting samples of the same eart! 
containing varying amounts of moisture, all sample 
being compacted with exactly the same amount of work 
and under identical conditions.) 

A comparison of the dry weight per cubic foot obtained 
in the laboratory (when making the dry-weight-mois 
ture-content curve) with the dry weight per cubic | 
obtained in the field (under the roller and with field cond 
tions of moisture) can be made by the following « 
pacted earth density test, which consists of a simpk 
direct, and reasonably accurate method of getting t 
weight, volume, and moisture content of a sample of th 
rolled fill. 


TECHNIQUE OF FIELD TEST FOR DENSITY 


re 


Remove the top 6 in. of fill material over an area ai 
least 2 ft square and form a perfectly level area by using 
shovel, trowel, and carpenter’s level. In this area cu! 
out a hole of about 1 cu ft in volume, removing every bit 
of earth and placing it carefully on a piece of tin or on th 
pan of ascale. Weigh it carefully after removing ston 
that will not pass a '/,-in. siev' 





dea : 180 
tion in excess of 40 deg, through 


well-graded clay, stiff clay, soft 1 {pie 











: 7 Zero Water 
clay, and almost liquid clay, the Zero Air 
en , . 7 160 Pounds Earth 
cohesive value would drop to 160 3.12 Pounds Water « 1.95% 
below 100 Ib per sq ft and the —- 
angle of internal friction would ¥ . 
approach zero. é 140 Pounds Earth 
2 140 10.55 Pounds Water = 7.54% 
Tarr 5 Zero Air 
DETERMINING MINIMUM ° 
— 
DENSITY REQUIREMENTS = 
_ 
, . : 0 Pounds Earth 
After the supplies of earth = 2 29} tye 
have been examined for availa~ §& open 
bility and suitability, a labora- Seecific 
tory examination should be Gravity = 2.70 
made to decide on minimum 100 
density requirements. The dry 
weight per cubic foot after com- 
paction is a criterion of density, 80 





17.97 Pounds Water = 14.97% 






















The hole can be laid out } 
cutting with a knife or a trowel 
in order to get a smooth shar 
edge, the remainder being © 
moved with an earth auger 
a post-hole digger. The exac' 
volume of the hole can then %& 
found by placing a box of know 
volume in the hole and pour 
engine oil around the box from 
a graduated beaker. Exper 
ment will determine the viscs 
ity of the oil to use; m ve! 
porous earth, dry sand of know 
weight per volume cat be sv! 
stituted for the oil. ‘The volum 
of the stones not passing 4° «" 
sieve can be found by dropp" 


100 Pounds Earth 
25.33 Pounds Water = 25.33% 
Zero Air 


80 Pounds Earth 
32.71 Pounds 
Water = 40.9% 
Zero Air 








and the dry weight selected for 0 40 = 


the finished fill must be a func- 


tion of the minimum density Fic. 1. 


Moisture Content as Percentage of Dry Weight 


Tue Zero Arr Vorws CURVE 


‘ “a: rradnated 
30 40 5° =them in the oil ir the gracuat 
beaker. This volume s#ow 


then be subtracted trom 





No. 4 


i the hole. The oil in the hole can be salvaged 
iall hand pump. 
re exercised and the precision of the instruments 
| determine the accuracy of the results. The 
content can be 







Civit ENGINEERING for April 1939 


to 

to 
‘ 

oF) 


(6) a constant rate of penetration only can be estimated 
because of the position in which the operator must stand 
and because the handle and the needle move at different 
rates of speed; (7) stones are often encountered; (8) 









































: ° 135 110 
stained by drying 
in a small electric 
| temperature be- 130 
. Zero Air Voids Curve 
boiling point of (Specific Gravity = 2.75) 108 
the field, sam-  — $ 
be dried on tin 6 12 r 
- ] 
over an open a . © 106 
although this ; ~, 4 
ione with care. 2 '” 3 a 
a f ” 3 Moisture Content,19% 
itter method the Dry Weight - - pa 
- . @ = 
ght of a cubic foot «© 445 L une 1 cael 
mpacted material = : 
btained in about * > 
e ao 
I utes. j = 110 102 
this volumetric 
‘ty test to find the \ 
weight per cubic foot 105 
after each pass with the 100 
sheepsfoot roller, and plot- -— | 
the results graphi- 0 5 10 15 20 25 16 18 20 22 24 28 30 
ei i Moisture Content as Percentage of Dry Weight Number of Passes With Sheep Foot Roller 
with dry weight per , , ' 7 . ad ae: : cong 
. Fic. 2. TyprcaL MorsturRE-CONTENT Fic. 3. EXPERIMENTAL CORRELATION CHART, SHOWING 


ot on the vertical 
nd number of passes 
ller on the hori- 


RELATION BETWEEN NUMBER OF PASSES OF ROLLER 
AND WEIGHT OF COMPACTED SOIL 


Dry-WEIGHT CURVE COMPARED 
WITH ZERO AIR Vorps CURVE 



















the experimental correlation chart can be drawn 
Naturally a new chart should be drawn for 
hange in moisture content or in borrow pit mate- 
One inspector with a helper can easily make charts 
r the placing of 2,000 cu yd of earth per 8-hr shift, and 
the charts are drawn it is very easy to predict the 
‘btained with a given number of passes. The 
needed to satisfy the minimum requirements of 
rmeability, consolidation, and angle of internal fric- 
should have been determined previously, of course, 
ratory tests for each different material used. 


OBJECTIONS TO USE OF PENETRATION NEEDLE 


s experimental correlation method of controlled 
gives directly the relationship between moisture 
nt, density, and number of passes with the sheeps- 
It can be carried out by the average inspec- 
ut the use of expensive equipment, and it gives 
e results directly without the necessity of corre- 
ie plasticity. This method has been used in 
nce to the penetration needle method for the 
ng reasons: (1) Plasticity 
a function of mois- 
ntent but also of grain 
lshape; (2) side friction 
needle varies at different 
moisture and with 
materials even when 
eedle of blunt end of 
neter than the shaft; 
personal equation gives 
needle readings; 
lmost impossible to 
'v vertical movement 
tration; (5) the po- 
hich the operator 
makes accurate 
of the depth of 
ery difficult, espe- 
the soil bulges ad- 
€ area penetrated; 


; 





EQUIPMENT AND PREPARATION OF SOIL FOR VOLU- 
METRIC DENSITY TEST IN FIELD 


material passing a No. 200 sieve often occurs in lumps, 
thus acting like stones; and (9) earth from borrow pits is 
seldom homogeneous. 


SUMMARY AND CONCLUSIONS 


To recapitulate: 

|. Suitability of material for compacted earth fill 
should be determined only after careful study of the 
borrow pits, using an ample number of samples and sub- 
jecting them to a thorough geological, practical, and 
laboratory examination. 

2. Laboratory findings regarding permeability, con- 
solidation, and angle of internal friction should be trans- 
lated into density requirements in the field. 

3. Density in the field should be measured directly 
either by the volumetric-density test previously outlined 
or by some similar method. 

1. Density should be correlated with moisture con- 
tent, number of passes with the roller, and the material 
being used, so that the contractor can tell by a glance at 
the experimental correlation chart how many passes he 
must make to fulfill the require- 
ments of his contract. This chart 
will also show him immediately 
why he is required to work 
within specified moisture limits. 

This method was worked out 
and used by the writer while 
resident engineer in charge of 
the placing and testing of a mil- 
lion cubic yards of compacted 
earth fill in Inland Dam and 
Ketona Reservoir, built under 
the direction of A. C. Polk, M. 
Am. Soc. C.E., executive engi- 
neer for the Birmingham (Ala. ) 
Industrial Water Supply Com- 
mission, with J. D. Webb, A. 
C. Decker, M. Am. Soc. C.E., 
and W. G. Thurlow, M. Am. 
Soc. C.E., Commissioners. 





Engineering Problems in Milk Sanitation 
A Relatively New Field for Sanitary Engineers That Offers Many Possibilities 


By Lesure C. Frank 


Senior SANITARY Enorneer, U. S. Pustic HeEAttu Service, Wasuincton, D.C. 


NTIL fairly recently, sanitary CV”WENTY years ago only one or two adequate light and _ ventilatig, 
engineers have not consid state sanitary engineering bureaus proper construction of floors, walls 
ered that milk sanitation was were interesting themselves in milk con- and ceilings; proper drainage; pr per 

a problem with which they should (rol, and not a single city employed a_ lay-out to separate the milk-rece; 
much concern themselves. Con sanitary engineer in connection with such ing and utensil-cleaning processes 
clusive evidence of this may be seen work. Today the picture is changing. from the pasteurization and suby 
in the past curricula of sanitary Jn at least 25 states, milk sanitation quent operations, so as to avoid 
engineering courses Practically work is being done by the bureaus of cross-contamination; and proper 
none of the graduate sanitary engi- sanitary engineering, and a similar design and installation of milk p 
neers in the field today included a  fendency is beginning to appear in some _ ceiving, filtration or clarificatio; 
their /ocal health departments. In future, pasteurization, cooling, and bottling 





study of milk sanitation in 


undergraduate courses. says Mr. Frank, the field may be ex- equipment. 
As time has gone on, however, it pected increasingly to require the serious The engineering divisions of 


has become increasingly apparent attention of sanitary engineers. In the eral state boards of health have « 
that milk sanitation is not exclu- accompanying article, he describes a voted some attention to the drafting 
sively a problem for veterinarians, variety of engineering problems in milk of plans for pasteurization plants 
bacteriologists, and epidemiologists. control, and suggests that instruction in and also offer their services to mill 
Che conviction has steadily grown that type of work might well be included distributors who are contemplating 
in the sanitary engineering curriculum. the construction or reconstructio: 
ITis full paper, here abridged, was on of a plant. This calls attentio: 
neering problem, is a vital necessity. the Sanitary Engineering Division pro- another and even more recent 
because we have learned gram at the 1939 Annual Meeting. velopment. In the 1939 edit 
of the Public Health Service milk 
code will appear the requirement that plans for 
dairies and milk plants which are hereafter constructed 
the pasteurization process at once reconstructed, or extensively altered shall be submitt: 
to the health officer for approval, and the further : 


that the pasteurization of all market 
milk supplies, essentially an engi 


Chis is 
that no other measure and, in fact, 
no combination of other measures, gives adequate pro- 
tection. 

Now the use of 
poses problems regarding the design and operation of 
pasteurization equipment, and it is at this point that the quirement that in the case of milk plants, signed q 


wisdom of adding sanitary engineers to the milk sanita- proval shall be obtained from the state health depart 
tion staff becomes sharply apparent. However, the ment. It is reasonable to believe that in future it wil 
function of the sanitary engineer is not limited to the be a routine matter for sanitary engineering divisions 
immediate problem of pasteurization. His work really state boards of health to be required to pass upo 
begins at the producing farm. plans for pasteurization plant construction or re 
One of the first items with which he should concern _ struction. 

himself is the design of the dairy barn and milk house At first thought it might be assumed that water us 
the drafting of plans which will insure that there is by pasteurization plants is drawn from approved pub! 
adequate space to prevent contamination due to over- supplies and therefore does not require the special atte: 
crowding, adequate light to insure cleanliness morale, tion of the sanitary engineer. However, a number 
adequate ventilation to prevent the absorption of odors pasteurization plants are located beyond city limits a 
and flavors and the drip from condensation on the ceiling, have their own independent supplies. In addity 
proper construction of floors and walls to promote easy large number of plants make dual use of both an 
cleaning, and proper arrangement to facilitate the re- dependent and a public water supply, and frequen! 
have them cross-connected. Therefore each such pla 


quired sequence of operations. 
should be studied by the sanitary engineer to determ 


The next item that should receive his attention is the 


design and construction of dairy farm water supplies whether its independent water supply is safe, and whet! 

for a contaminated water supply would mean that the there is any cross-connection with the public water 

slightest relaxation or accident in the bactericidal treat- supply. 

ment of milk utensils and equipment washed in the dairy cae Pon. teens fs P 

farm water supplies might produce disaster. PLUMBING DEFECTS COMMON | 
In most cases water carriage of excreta is not resorted Pasteurization-plant plumbing constitutes anol 


to on dairy farms. Instead, sanitary privies of the pit important sanitary engineering problem. In |¥», 
type are widely used, and while ‘such privies are rela- Scott Johnson, M. Am. Soc. C.E., read a paper on plum 
tively simple, their design and construction are within ing hazards in pasteurization plants before the Engu 
ing Section of the American Public Health Associati 


the province of the sanitary engineer. In some cases, 
In that paper he described the results of a plum) 


too, farms desire to use a water carriage system of excreta 
| in these cases the sanitary engineer should survey of six pasteurization plants in St. 


disposal and Louis 
be called upon to give advice described the finding of 210 separate plumbing del 


Che next problem to which the attention of the sani- involving 28 different kinds of milk-plant equipmen! 

. . . ° ° . . . . * . fer 
tary engineer is being directed is that of pasteurization including direct pipe connections between potabie W4 
plant desigt Here again we have the problems of supplies and sewage or contaminated water sup} 


224 
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water inlets submerged so as to permit back 
during intervals of negative head, sewer lines 
ibove pasteurizers or other milk processing 
t, instances of potential aerial pollution, and 
inking fountains. 
roblem of pasteurization-plant excreta and 
posal does not often engage the attention of a 
engineer, as in the majority of instances such 
re connected with a public sewer. However, 
nts are located outside the public sewer districts 











itilatior | in these instances special sewage treatment plants 
TS, Walls, st be designed. In the past the solution of this 
e; proper has often been unsatisfactory both because of 
k-rece position of dairy wastes and because of their 
DTOCEsses treme variability in amount and kind during a single 
id subs r me riod. 
‘iitee 2EMENTS OF PASTEURIZATION PLANT EQUIPMENT 
milk r design and operation of regenerators we have a 
ificati lem that involves an engineering study of relative 
bottling ssures in various parts of a heat exchange system. A 
rator, as understood by the milk industry, is 
iS of si a heat exchanger which is designed to permit the 
have ¢ cold raw milk to recapture some of the heat 
drafting the outflowing hot pasteurized milk. The re- 
1 plants rator may be either of the “tube-within-a-tube”’ 
to 1 r of the plate type; in either case, if leakage de- 



































mplati ns in the metal separating the raw from the pasteur- 
struct milk, and simultaneously the raw milk is under 
nti r pressure than the pasteurized milk, then the raw 
cel may contaminate the pasteurized milk. 
e lution, obviously, is to develop design, in- 
ice n, and operation specifications to insure that the 
for rized milk side of the regenerator is under higher 
struct than the raw milk side whenever there is any 
abmitt the regenerator—not only during the routine 
rther d but also at the beginning of the day’s run 
ned periods of interruption, when the pressure 
1 dey may be quite different. Such specifications 
re it worked out in detail and described in Public 
isi Reports. 
up lution involves not only the proper placing in 
ror w line of milk pumps and heat transfer medium 
sso as to take proper advantage of the differential 
ater suction and discharge pressures, but also proper 
d p 
al at { 
imbe pe ——t——iyg [0 Bottles 
mits . i Free Milk Level 
dit : 
equ | \ Raw M k Pump 
ich p ‘ 
be | | inlets Holder 
er ‘ Tt t 
| whe ic * 
' . r 
ic W f 
Tibi sn tie 
ye se Cutlets 














Check Vaive 


Pasteurized Milk Pump 


UT TO INSURE PROPER REGENERATOR PRESSURES 

ving Points in Design Should Be Noted: (1) Raw-Milk 

k Overflow Is Lower Than Lowest Raw-Milk Point in 

2) Raw-Milk Pump Sucks Raw Milk Through 

to Heater and Holders. (3) Pasteurized-Milk Pump 

ized Milk Through Regenerator, Cooler, and Check 

‘ont A in Pasteurized-Milk Line Is Above Highest 

t B by at Least 3 Per Cent of Difference in Elevation 

Raw-Milk Regenerator Point C, Thus 

Relative Pressures During Shutdowns 
\ Valve Prevents Reduction of Pasteurized-Milk 

Pressures During Shutdowns 


Lowest 
Prope T 
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elevations for the free 
milk levels upstream 
and downstream 
from the regenerator 
so that proper rela- 
tive pressures. will 
obtain during shut- 
downs (Fig. 1). In 
addition, in certain 
designs it is neces- 
sary that hot water, 
chlorine solution, or 
previously pasteur- 
ized milk must, at 
the beginning of the 
day's run, be intro- 
duced into the pas- 
teurized-milk side of 
the regenerator be- 
fore raw milk is ad- 
mitted to the raw- 
milk side. 

The aspect of milk 
sanitation which has 
introduced the most 
serious sanitary en- 
gineering problems is 
the requirement of 
the definition of 
pasteurization that 
every particle of milk 
shall be brought to 
the full pasteurization temperature and held thereat for 
the full “‘holding time.’’ Only a few years ago this sub 
ject seemed to offer no problem at all. Then it was dis 
covered that the temperature of the milk at the ther 
mometer bulbs might be and frequently was higher than 
in other parts of the holder—for example, the zone be 
tween the face of the outlet valve and the main body of 
the milk. As a result of this finding, the requirement 
was inserted in the milk code recommended by the Public 
Health Service that the design of the holder shall be such 
that simultaneous temperature differences between vari 
ous points in the holder will be limited to a tolerance of 
not over 1 F. Furthermore all outlet valves are re 
quired to be of the flush or close-coupled type, that is, 
so designed as to bring the face of the outlet valve close 
enough to the main body of the milk in the vat to elimi 
nate the ‘‘cold pocket’’ at the outlet. 

It was also discovered that since practically all milk 
valves were of the metal seat type, and since practically 
all metal seat valves leak sooner or later, there was real 
danger that raw milk in the vat would leak out through 
the outlet valve into the pasteurized milk line before it 
had been completely pasteurized. So the Public Health 
Service inserted a requirement in its recommended milk 
code that all inlet and outlet valves must be of the leak 
protector type—that is, so designed as to divert to the 
outside, by means of leak grooves or otherwise, any 
leakage which attempted to pass the valve face. 

About the same time it was also found that the foam 
which may be formed on the surface of the milk in a vat 
is likely to be considerably colder than the main body of 
the milk, and therefore that means must be developed 
to heat or dissipate the foam. Our studies developed 
the fact that while radiant or convection heating of the 
air above the milk by means of electric or enclosed steam 
heaters was not very satisfactory, live steam admitted 
to the air space above the milk tended not only to heat 
the foam as it was formed but also to dissipate it (Fig. 2). 


Auxiliary 
Water Trap 





Fic. 2. Ark Space HEATER DEVEL- 
OPED BY PUBLIC HEALTH SERVICE FOR 
HEATING AND DISSIPATING FOAM 
IN MILK VAT 








It was necessary, of course, to design the apparatus so as 
to prevent the discharge into the milk of either steam- 
line sediment or a significant amount of steam conden- 
sate. Furthermore, since the amount of steam required 
was very small, it was necessary to increase the sensi- 
tivity of the throat of the throttle valve to the maximum 
by placing a resistance in the 
line in such manner as to re- 
duce the differential pressure 
on the two sides of the valve. 

Automatic pasteurization is 
rapidly replacing manual pas- 
teurization, particularly in the 
larger plants. This trend, as 
might be expected, is intro- 
ducing a whole series of sani- 
tary engineering problems. 
In automatic pasteurization, 
both admission to and dis- 
charge from the holder are 
automatic and unless other- 
wise prevented will take place 
even if the milk has not been 
brought to the proper tem- 
perature or held at that tem- 
perature for the proper time. 
Furthermore, since the hold- 
ing time is automatically con- 
trolled, any temperature fail- 
ure in the holder would require 
emergency manipulation of the 
automatic time control, or di- 
version of the entire supply 
back to the heater until the 
temperature failure had been corrected. This, in the case 
of batch-type holders, would be extremely hazardous be- 
cause of the quantity of milk that would be required to 
be repasteurized and the ever-present temptation on the 
part of the operator to shirk the responsibility in order 
to save time. In these cases it has been considered 
fundamentally necessary, in the formulation of the Public 
Health Service milk code, to surround all automatic 
pasteurizers with all necessary safeguards to insure that 
the likelihood of either temperature or holding-time 
failure will be reduced to the very minimum. 

Accordingly the first requirement that has been laid 
down is that all automatic systems must be provided 
with thermostatic control of the temperature of the milk 
entering the holder. Next, since even the best thermo- 
static control occasionally fails, it was considered highly 
advisable to include a device which would automatically 
halt the flow of milk beyond the holder if the thermostat 
failed or if any temperature drop occurred in the holder. 
Such a ‘‘milk-flow stop” can take either of two forms 

1. An automatic milk-pump stop which will stop the 
pump motors whenever the milk temperature drops be- 
low the pasteurization temperature, and automatically 
restart the motors whenever the required milk tempera- 
ture is again reached, or 

2. An automatic milk-flow diversion device which 
will automatically divert the milk away from all down- 
stream points whenever its temperature drops below the 
required pasteurization temperature, and automatically 
reestablish forward flow when the milk again reaches 
the required temperature (Fig. 3). 

After careful study a set of specifications for design 
and installation of milk-flow stops was inserted in the 
Public Health Service milk code. 

There are obviously also special requirements with 
reference to time control for automatic systems. These 
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include requirements relative to the use of constay: 
speed motors or limited maximum-speed motors 61) mij, 


pumps and timing devices, the prevention of inter 


or equivalent stream-flow holders, and the che 


‘ 


the holding time by means of dye tests, or otherwise 


immediately after installation or after any replace 
or alteration in design. 


OPPORTUNITIES FOR SANITARY ENGINEERS 


Many details have necessarily been omitted jn 4 
discussion, but enough has been given to demonstray, 


two important facts: 


|. Milk sanitation is a problem that now requires 


and in future will increasingly require the Serious : atte 
tion of sanitary engineers. It is rapidly becomi: 


parent to state boards of health that their sanitary is 


gineering divisions should be related to the problem 


milk sanitation. Information collected by the Pybj; 
Health Service shows that in at least 25 states milk sa 
tation work is now being done by the divisions or bureays 
of sanitary engineering, whereas two decades ago on) 
one or two state sanitary engineering bureaus interested 
themselves in the problem. A similar tendency jis ly 


ginning to appear in some local health department 


The total number of sanitary engineers engaged in milk 


control in this country is now: 


(a) By state boards of health—17 full time and 7 


part time, and 

(6) By local boards of health—14 full time ; 
part time. 

This paper should not be understood to imply t! 
only public health engineers should be employed in 1 


~ 
Ro. 


sanitation. That would be as unwise as to insist that 


only veterinarians, or only bacteriologists, or 
epidemiologists, or only dairying graduates should 


employed in this field. Nor should this paper be under 
stood to imply that all milk sanitation work must neces 


sarily be under the administrative direction of a sanit 
engineer. The capacity for administration does 

reside solely in any one profession. If a state board 
health employs more than one individual in milk « 


trol, the one who shows the best administrative capacil 


should be placed in administrative charge, irrespect 


of whether he is engineer, veterinarian, bacteriologist 


epidemiologist, or dairy expert. 


Nevertheless, it seems inescapable that every stat 


health department without exception should employ 


least one sanitary engineer full time on milk sanitatio 
work and, where possible, the milk control work should 


be a function of the state sanitary engineering divisi 
Except in the case of large cities which employ tx 


own sanitary engineers, no pasteurization plant sh uld 


be constructed or reconstructed and no pasteurizat 
equipment should be installed or modified without 
approval of the milk sanitation engineer. 

2. Sanitary engineers should be adequately 


fron 


to discharge their milk sanitation functions. 


day most of the sanitary engineering students gra 

without the necessary specialized training, and it !s 
lieved that every institution which prepares me! 
sanitary engineering field should ponder the des! 
of including milk sanitation as one of the subject 
instruction. 

Those sanitary engineers who have already gradua' 
and who wish to undertake milk sanitation work, si 
either attend postgraduate courses in milk sanitat 
one or more of the short courses or seminars wluc 
being conducted by various state boards of healt) ‘ 
by the Public Health Service. 


tort 
Lilie 
rar) 


OC Ket 


flow, the prevention of air or gas accumulation in tuby}o- 


lens 








The Manufacture of Iron and Steel 


there Part I—Production of Pig Iron, and the Principal Methods of Purification 
la By F. H. FRANKLAND 
MemMBER AMERICAN Society or Civit ENGINEERS 
aS Cuier ENGINEER, AMERICAN INstITUTE OF STEEL Construction, Inc., New York, N.Y. 
f 
. str two words “iron” and nS of the I-beam, the casting, the metal could be produced in quantities 
. ec!’ have been used exten- drill bit, is a manufacturing tech- large enough to use for castings. In 
—_ ely to mean the same thing, mique so precise that the chemical proper- fact it was impossible except by use 
=o oft difficult to define the dis- tes of the product can be specified in of the furnace method to develop 
eine between them. However, hundredths of a per cent. Even so, says temperatures high enough to melt the 
Stews ral way it may be said that Mr. Frankland, there is every reason to material. 
oblem ndicates a more refined state believe that the manufacturers of steel will Following this, and for nearly three 
1e Publ metal than “‘iron,’’ and the continue to improve their metallurgical hundred and fifty years, the methods 
nilk say ipplied to all refined ferrous processes and to increase the uniformity of of refinement were limited to pud 
r burea etals other than pig iron, castiron, their product. In thisarticleand theone dling in small reverberatory furnaces 
agi {wrought iron. Steel may read- to follow it, Mr. Frankland presents a from which the product was removed 
solnittated listinguished from wrought remarkably concise, yet comprehensive, in the form of a puddle ball and sub- 
wy is he because it can be hardened and picture of present-day practice in this jected to forging. The next out 
urtments mpered, whereas wrought iron great indusiry. The current article cov- standing advance was the Bessemer 
din wil ynnot ers the production of pig iron and the converter, developed in the 1850's 
Under modern production condi- various methods of purification—the in England by Henry Bessemer, and 
e and 7 ns, the first state of iron after re- Bessemer, the open hearth, and the elec- simultaneously in this country by 
finement is usually called steel, and ¢ric. Part II, to appear in the Mayis- William Kelly of Eddyville, Ky. 
e and sa popular but mistaken concep- sue, will take up the story at that point Bessemer'’s financial backing enabled 
that a further refinement of the and continue through the manufacture him to absorb his American contem- 
ply | produces wrought iron. Asa _ of such products as structural shapes, porary and the process has since 
dinn of fact, in early times pipe, plates, and sheets. borne his name. 
sist t ght iron was developed directly While Bessemer was developing 
or the ore in a plastic condition; and it was only after his converter, William Siemans was working on the de- 
houl centuries that iron could be produced from the ore velopment of the open-hearth process, and built the first 
eH ten condition, which permitted its being poured  gas-burning furnace of this type in 1862. The success of 
ist lds to form castings. the Bessemer process, even with its limitations as fixed 
sa iron ore production of the world in 1936 amounted to by the nature of the ores required, established the fact 
Joes 1,000,000 gross tons, of which approximately 50,000,000 that an almost unlimited market existed for an economi 
boar ss tons were produced in the United States. The cally produced steel. This resulted in the vigorous de- 
nilk re produced in this country in 1936 was about velopment of the open-hearth process, which was not so 
capa louble that produced in 1900. Steel ingots and castings restticted as to the materials used, and although the 
espe roduced throughout the world in 1936 amounted to process is slower than the Bessemer, the product is more 
riol (00,000 gross tons, of which 48,000,000 gross tons were uniform in chemical and physical properties. Both proc- 
roduced in the United States. The distribution of the esses made possible the casting of large ingots from which 
wy s { steel, computed from final production figures for various shapes could be rolled, and by 1892 wrought-iron 
np! ear 1937 as compiled by Jron Age, is 
snita wn in Table I. 
k sh in the early part of the fifteenth century 
dix first masonry furnace using the basic 
lov - ciples of the modern blast furnace was 
ts Europe, and this type of furnace 
wriza was introduced in England about a 
n I. DiIsTRIBUTION OF USE oF 


190° 
Lvo4, 


. L IN IN PERCENTAGE OF 
roTaL PRODUCTION 


12.0 

7.9 

. 17.4 

1 mining 5.3 

3.4 

9.8 

. 3.8 

) i ») 
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32.1 

> Total 100.0 

it 

irs later. Prior to this, all re- 


s accomplished by hand pud- 
rging, and it was only after the 
od was developed that the 
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The sequence of manufacture of steel and iro; prod 
ucts is shown in Fig. 1. The extraction of iron from }. 
ores requires charging a mixture of ore, fuel, and fiyy ;, 
predetermined proportions through an opening at ¢), 
top of the blast furnace, while heated air is blown ; 
through openings (tuyéres) near the bottom. The , 
trogen in the air, together with the products of reductic; 
pass upward and escape through openings at the to, 
This part of the process is continuous and necessitate 
the removal of part of the impurities in the form of gla 
and also the removal, from time to time, of molten jr : 
through an opening at the bottom of the furnace 

In charging the furnace, coke is first placed on 
bottom to a height just below the tuyéres. Charcoal 
some other easily ignited material, is then placed, g 
on top of it is laid a large quantity of coke with enoy 
limestone to flux the ash. Ore is then gradually place 
with a carefully controlled quantity of flux. The initis 
amount of coke is usually equal to about half the ey! 
contents of the furnace. When the furnace has be 
filled to what is known as the “‘stock line”’ it is ready {, 
lighting. As the burning continues, additional ore. ; 
and limestone are added from time to time, the propo: 





Mrxer-Ty1 AND Open-Top LADLES USED FoR TRANSPORTING tions of the various materials being varied to meet ever 
MoLtTen TRON FROM BLAst FURNACES TO OPEN-HEARTH FURNACES changing conditions. These charges are governed by obse: 


vation and by analysis of the pig iron and slag produce 

In from 10 to 15 hours after the air blast has be 
turned on, the molten slag floating on the iron has 
cumulated in sufficient quantity to tap. From 30 t 
hours are required before the iron is ready to tap. Thy 
the molten metal is run off into ladles. During 
flow, samples for chemical analysis and fracture tests ar 
taken. From the ladles the metal is poured into the pig 
casting machine. 


structural shapes were replaced by the new and superior 
product This development made possible the rapid 
change that took place in the sky line of our cities and the 
bridging of many of our wider and deeper rivers. Follow 
ing the open hearth came the electric furnace, which is 
capable of producing a material of almost any precon 
ceived chemical analysis—though so far at a cost that 
prevents its competition with the open hearth for ordi 
nary structural grade steel 

| Phe remarkabl precision of chemical and physical THE FIVE PRINCIPAL METHODS OF PURIFICATION 
properties that is uniformly attained in the production 
of steel is unknown to any other basic industry, and is 
illustrated by the fact that the chemical properties are 


Pig iron is purified by oxidation—except in th 
tric furnace, which employs a method of both oxidat 
and reduction. In the process of purification either 
: " mestone or iron oxide may be used. In both the Bessemer 
| the open-hearth processes purification may be ac 
| Pie iron plished by oxidation alone, in which case it is called 1 

‘acid process.’ If oxidation is accompanied by the 
of a limestone flux it is called the “‘basic process 
[here are therefore five principal methods of puri! 
! Alloy A T Wrought Alloy Too! iron Malleable tion—acid Bessemer, acid open hearth, basic Bes 
teels Castings Castings §=mer, basic open hearth, and electric. The prod 
kels heet Rods from each method 

—_ differs somewhat, 
sneets Reefs Bolts and with the ex- 
ception of the elec 





Tin Galvanized Terne 
Sheet Sheets Sheets 


Wire hair Rivets Bolts 


Fic. | CHART SHOWING SEQUENCE OF MANUFACTURE OF STEEI 
AND IRON PRODUCTS 


expressed in hundredths of a per cent. Throughout all 
the processes of treating the ore and finishing through the 
furnace, great care is used in the selection of the fluxes, 
and of the furnace linings by means of which the chetnical 
properties of the material are controlled. The propor- 
tion of Bessemer steel used for structural purposes has 
steadily declined so that today it is practically unobtain- 
able except for a small tonnage of small structural shapes. 


tric process, each 
requires a pig iron 
of a different com- 
position. Because 
of the nature of 
the iron ores of 
this country, the 
pig iron produced 
here is most suit- 
able for treatment 
by the basic open- 
hearth or the acid 
Bessemer process, 
and consequently 
nearly all our steel 
is produced by one 
or the other of 
these two  proc- 
esses. Practically 





Jones and Laughlin Steel Corp 


TAPPING A BLAsT FuRNAC! 





pes and bars such as are 
igricultural machinery 


; 


nd most of the acid Bes- 


ladle 1S rocked SO 


N 0. 4 


ictural steel is manufac- 
the basic open-hearth 


duct goes either into 


se of its free machining 
r cutting and thread- 
steel skelp from which 


i€ 
VROUGHT IRON 


speaking, wrought iron 
of commercially pure 
ned directly from the 
sty condition. Wrought 
ommonly known form, 
purest form of commer- 
for dead soft steel and 
both produced in the 
furnace, contain a 
rcentage of impurities. 
sition is, essentially, refined metallic iron and a 
distributed percentage of slag. 
t iron, nowadays, is produced by many differ 
ses. In The Making, Shaping, 
ump and Francis, it is stated, ‘“‘by whatever 
wrought iron) is always obtained in a pasty, 
ed condition, and in masses, or bodies, com 
hering granules partially surrounded by slag. 
cally working these sponge-like masses, the 
metal are elongated and more or less welded 
hile a large portion of the slag is squeezed out 
ind the rest remains as thread-like but irregu 
ntermingled with the iron.”’ Due to the con 
lescribed, wrought iron has a fibrous struc 
ted by the slag, which is readily shown by 
test. i 
il methods of production used to be the hand 
and the direct-from-the-ore process, 
here are several indirect processes. However, 
lor wrought iron has fallen to such a point 
tion by these processes is nowadays relatively 
By the modern Byer’s process, wrought 
mically produced by the refining of pig iron 
er converter. The requisite slag is obtained 
earth furnaces and is poured into a ladle, and 
iron is slowly added, 


/ 


furnace 


as to 
uniform distribution of 
lag. The resulting 
iss 1s worked through a 
queezed into a bloom 
le rolling mill. 


; 


BESSEMER PROCESS 


semer process for the 
| pig iron is the sim- 


ur blast in the con- 


es a portion of the 
silicon and manga- 
the carbon. When 


bined with the iron, 
manganese, slag is 
e carbon passes off 
carbon mon- 
dioxide. If the 
without re 
1,.1 . 

i¢ ieterious oxides 


nd render the steel 


ises 


nere 


TAKING A TEST FROM 


and Treating of 
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CHARGING AN OPEN-HEARTH FURNACI 


Scrap and Raw Materials Are Fed Into the Furnace by the Ram on the Traveling Machine 


unfit for use. Hence carbon and other deoxidizers are 
added to the metal after blowing. When the metal is 
subjected to full blowing, it is usually “hot short’’—that 
is, brittle in hot working—unless manganese, in the form 
of spiegeleisen (a low grade of ferro-manganese), is added. 
This use of manganese makes it possible to produce mild 
or soft steels by the Bessemer process. 

In modern steel mills the converter is usually charged 
with molten iron direct from the blast furnace. In some 
older mills, however, pig iron is still used. In such cases 
the iron must first be melted in a cupola, in which the 
charge is composed of coke, spiegeleisen, and pig iron, in 
alternate layers of metal and coke; and to the coke is 
added limestone flux to get rid of the ash. 

Production of Bessemer steel dropped from 6,000,000 
gross tons in 1922 to 3,500,000 gross tons in 1936, a re 
duction in 14 years from about 16.5 to about 7.5 per cent 
of the total steel produced. 


THE ACID AND BASIC OPEN-HEARTH PROCESSES 


The open-hearth process now involves the use of a 
rectangular covered furnace with a large shallow dish 
like hearth to contain the charge of pig iron, iron ore, and 
steel scrap, with limestone for fluxing purposes. The 
fuel used is gas, mixed with sufficient preheated air 
to obtain the necessary high tem 
perature to melt the charge. The 
furnace is fired alternately from 
each end, so that at all times the 
incoming gases are absorbing heat 
from the brick in a checkerwork 
chamber that has previously been 
warmed by the stack gases. 

Whether the acid or the basic 
open-hearth process is to be em 
ployed depends largely on the na- 
ture and amount of the impurities 
in the pig iron. If the latter is 
high in sulfur and phosphorus, a 
basic flux (that is, one containing 
limestone) must be used. On the 
other hand, iron low in sulfur, 
phosphorus, and other impurities 
is susceptible to treatment by the 
acid process, which employs a flux 
Naturally, since 
treated thus is 
with, the time tor 


containing silica. 
iron that can 
purer to begin 


be 


HEAT 








N HEAT OF STEEI 
rflowing Into the | 


completing 


(J)PER 


\ 





HEARTH 


1 heat is shorter with the acid process than 


is added in a 





wit! ba ( 
| st modern open hearths the iron 
molt tate, direct from the blast furnace 
LS¢ vhere the blast furnaces 
ire t situated in the same plant 
is 1s the open hearth, the hot 
netal is <¢ veyed in hot-metal 
Cars 
The purification of the hot 
metal the furnace is accom 
plished by the oxidizing brought 
bout by the tron oxides and the 
limestone flux. Both oxidizing 
agents operate concurrently, but 
the action of the iron oxides 
takes effect prior to that of the 
flux, as the acid impurities must 
be oxidized before they can be 
neutralized by the flux During 
the period of the purification 
process known as the ‘‘lime boil, 
the carbon content of the molten 
metal dt ps rapidly and tests are 
made at intervals in order to con 
trol the carbon so as to produce 
iccurately the percentage speci 
fied 
Molt metal, when ready for 
pouring, is at a temperature of 
about 2,900 | It 1s run into a 
crane ladle which the neces 
sary additio1 f carbon, man A 
ganese, silicon, or other alloying = [Lyprine an 
elements are made to produce a H 
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steel of the specified analysis. The ingot m 
then filled with the molten steel poured direct fr 
ladle. The ordinary capacities of open-hearth {| 
usually range from 50 to about 100 tons of hot n 
though some of the more modern furnaces at t} 
mills have a capacity of well over 100 tons 

Of a total of about 29,000,000 gross tons of ope 
steel produced in 1922, about 28,000,000 tons we 
and about 1,000,000 tons acid steel. In 19 
hearth production totaled over 43,500,000 tons, 
over 43,000,000 tons were basic and less tha: 
million tons acid. 


OTHER REFINING PROCESSES 


















Che electric furnace is at present principally used 
the production of alloy steels, such as stainless stee] 
the furnaces are usually from 7'/: to 25-ton capa 
The heat applied by electricity has no electro-chem; 
effect upon the steel being produced, and therefore a ver 
close control can be maintained over chemical charact 
istics. The charge is kept from contact with the air by 
protective blanket of slag. For reasons of economy 
operation, the electric furnace is generally used for | 
final refining stages in making steel, the hot metal char 
coming from an open-hearth furnace. 

There are two principal types of electric furnaces 
inductive type and the arc type. In the inductive 
nace the molten metal acts as the core of a seco: 
wound coil, and the primary circuit is wound « 
corresponding to the core of a transformer. In th 
type furnace, of which there are several varieties 
molten metal constitutes one of the electrodes 

It is interesting to note that Sir William Sieme 
structed the first electric furnace of any practical imy 
tance as far back as 1878, and that the Heroult { 
was patented in 1886, but it was not until 1906 that t 
first electric furnace for commercial production 
in this country, and in 1909 there were only 10 ar 
induction furnaces in use. Production of electri 
on a scale of any 
started in 1910, when over 5 
gross tons were produced 
duction by this method r 
a great impetus during the 
of the World War, and by 
had increased to over 
gross tons. 

Mention should also be 
of the crucible furnace, wh 
used only in the productiot 
some of the tool steels and cert 
specialized alloy steels. Cru 
are generally large enough to! 
several tons of molten metal 


: 
; 


are sometimes made of clay 
are more commonly ol a gra 
composition. 

The raw materials of the 
are generally put in th 
which is then set im 
nace until the charg: 
However, molten metal p! 
elsewhere may be p 
the crucible for furt! 
ing in the furnace 
duction of crucible st 
United States droj 
about 122,000 gros 
1910 to about 44,0! 
and to about SOU tons 


wr 
ul 


was | 


In 


some 
mag! 


FROM THE SOAKING Pits, WHERE 
4S BEEN HEATED FOR ROLLING 
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hemical 
- @ Very 
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| certain 
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March issue of “Civil Engineering” earried 

T four “‘main papers” of the program sponsored 

Committee on Professional Objectives at the 

1939 Annual Meeting. Those papers were essen- 

act-finding. The first three described the 

and plans of the architects, the lawyers, and 

jor improving the professional, social, 

nomic status of their respective professions; 

fourth analyzed the situation with specific 
lo the civil engineering profession. 


hors 
( , 


essons to Be Learned from the Other 
Protessions 
By D. C. WALSER, M. Am. Soc. C.E. 


p wr, CHartes B. HAw.tey ENGINEERING CorporRA- 
TION, Wasuincton, D.C. 


PAPER on professional activities of the architects, 
ted by Mr. Sullivan, indicates clearly that the 
lems confronting the architectural profession, as 
| as its efforts to solve them, are very similar to those 
I am heartily in agreement with the idea 
\merican Institute of Architects that the national 
representing the generally recognized 

| professions and the fine arts should join in an 
fessional conference at which topics of general 

t to the professions as a whole might be discussed. 
| action on the part of these national organiza- 
through their local sections or chapters, 
iid add considerable prestige to any movement pro- 


it¢ 


1v0ons 


working 


} 

medical profession has its problems also, but as 
profession has to deal directly with human life, a 
large number and variety of legislative enactments bear- 
ng on its practice have been placed upon the statutes. 
il authorities in charge of operating the various 

state, municipal, and county governments have 
hesitated to spend money for enforcing these 

| bringing violaters to trial. This is not true 
hitectural and engineering professions and is, 
bt, to a high degree responsible for the lack of 
registration. Most registration laws have 
rcement features and, because of lack of money, 
interested therein have not in the 
n able to bring legal action against any individual 
upractice—except possibly in New York 
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ion, epactments with ‘‘teeth’’ in them have 
ile for the strict requirements of the medical 
only for increasing the pre-college re- 
for extending the courses to secure a 
c. The time and cost required for a doctor 
rtificate to practice medicine is, no doubt, 
r reasons why that profession is not over- 
is not encountered the problems with its 
ers that the architects and engineers 
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Professional Status of Engineers 


Digest of the Formal Discussions Prepared for the January 1959 Symposium of the 
Committee on Professional Objectives 


With the facts thus assembled, the ensuing dis- 
cussers at the Annual Meeting turned their attention 
lo the question of what can be done lo enhance the 
status of the cwil engineer. The six formal dis- 
cussions, approaching the subject from as many 
different angles, are presented here. They contain 
many practical suggestions for action which may be 
expected to bear fruit in the definite, long-term pro- 
gram now being formulated by the Committee on 
Professional Objectives. 


With regard to the legal profession, college require- 
ments for securing a legal degree have also been greatly 
increased. Most of the recognized law schools now re- 
quire five years of college work. In a recent address, 
William C. Van Vleck, dean of the law school of George 
Washington University, stated that in suburban dis- 
tricts, small towns, and so forth, the income of the legal 
profession was ample and its members occupied a high 
position in the community. True, in large metropolitan 
sections there is a very crowded condition, but it has 
not as yet reached an acute stage. 

It has occurred to me that many youngsters on enter- 
ing college do not know just what profession they wish 
to follow, and as a last resort they decide to take up 
engineering. The Census figures since 1910 show some 
interesting facts about the various professions. The 
following table, compiled from that source, shows the 
rates of growth, in per cent, over the ten-year periods 
1910-1920 and 1920-1930. What this growth has been 
during the past eight years, with a large increase in 
enrolment in colleges and universities, is open to con- 
jecture. 

1910-1920 


PROFESSION 1920-1930 


Architects 9.3 21.0 
Civil engineers 24.2 59.0 
Electrical engineers 77.7 113.5 
Mechanical engineers 160.0 44.0 
Mining engineers 3.5* 79.0 
Physicians and surgeons 4.0* 6.2 
Dentists 35.7 26.8 
Lawyers 6.9 30.7 


* Denotes decrease 


It will be noted that the rate of growth in the various 
branches of the engineering profession is very outstand- 
ing when compared with the medical profession. 

So far as the civil engineering profession is concerned, 
it is only during the past decade that the welfare of the 
individual has actually demanded attention. It seems 
to me that the Society has set the machinery in motion 
to cope with this problem by its sphere of activities 
during the past twenty years, which has included the 
formation of Local Sections, increased interest in the 
junior organizations, and the installation of Student 
Chapters in many of the recognized schools and colleges. 
Through these contacts, the Committee on Professional 
Objectives should be in a position to promulgate some 
plan that will benefit the economic status of the younger 
members. 

I submit herewith a few additional suggestions for the 
consideration of this committee: 
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1. An increase in the corporate membership of the 
Society is desirable, but the existing requirements for 
such membership should not be lowered. 

2. The college course should be increased to five 
years, adding cultural subjects to the curricula so that 
the engineer will be as well grounded in social activities 
as in technical work. This may work a hardship on 
some young men but it will not deter those who are 
sincere in their desire to follow engineering as a profes- 
It might be advisable to ascertain whether a 
student entering an engineering college is properly 
qualified and has the proper aptitude. A great deal has 
been done in educational circles within late years in 
devising and conducting examinations of this character, 
and they should be put to use. 

3. Some definite plan should be inaugurated with 
respect to the rating of engineering departments and 
offices in states, counties, and cities. This plan, which 
should be susceptible to modification due to geographical 
and climatic conditions in different sections of the 
country, should be submitted to the Local Sections so 
that they may appoint a live and forceful committee to 
put the necessary machinery to work. In my judg- 
ment, this plan should be made a major activity of every 
Local Section. 

!. The junior engineer presents rather a difficult 
problem. During the past eight years, a large number 
have not had the opportunity to secure the type of 
employment which would provide the requirements 
necessary to transfer to the grade of associate when 
reaching the age of transfer. In many localities, a large 
number of contractors and subcontractors employ high 
school graduates as time-keepers, and carpenters as 
foremen and superintendents. This is a field for our 
Society to look into—and it would be a problem for the 
Local Section to solve. In Washington, we have two 
organizations which could materially aid in this activity. 
One of these, the District of Columbia Council of Engi- 
neering and Architectural Societies, comprises ten or 
eleven technical societies, including the architects’. It 
was through the efforts of this group, working over a 
period of about two years, that a registration bill was 
drawn up for presentation to Congress, which met with 
the approval of most of the organization members as 
well as the Commissioners of the District of Columbia. 
Such an organization is powerful through its unity of 
thought and concerted action. Another outlet is the 
Washington Building Congress. (I understand that 
similar congresses have been organized in several of the 
metropolitan districts.) Its membership consists of 
architects, engineers, construction men, the building 
trades, and so forth. It occurs to me that if the engi- 
neers in such a group were to present the “junior engi- 
neer’’ problem to their congress, they would have no 
trouble in securing the cooperation of the construction 
men in employing graduate students, thus giving the 
student an opportunity to follow the line he has selected, 
and once in that line, a better opportunity to grow up 
in the profession and transfer to other jobs. 

5. Many students enter engineering colleges in order 
to secure a thorough technical training with the idea of 
branching out into lines of activity other than purely 
engineering work. A large number, however, after 
receiving a degree in engineering, decide to follow it up. 
I suggest that the Committee on Professional Activities 
might work with the placement bureaus of engineering 
colleges and develop lines of endeavor for which such 
men would be better qualified. If such an idea is 
feasible, it would tend to relieve the overcrowded condi- 
tion of our profession. 
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Commercial or Professional] ’ 


By Stanvey H. Wricurt, M. Am. Soc. C.} 


ReGcionat Encrneer, Recion 35, PWA, ATLANTA, Gy 


IT WOULD seem that we must recognize a s| arp dis 
tinction between objectives that are related but diy. 
gent. It is one thing to endeavor to raise the econom; 
status of the engineer, and another, perhaps a mp, 
difficult one, to raise his professional status. he jqe, 
to be accomplished is to raise both, but it is my opinion 
that the first objective, in the long run, is dependey, 
upon the second, and that the order of importance js jp. 
verse. If this is true we must establish our professions 
status first. 

It would appear to me that as a class we are not py 
fessional minded—we are professionally illiterate in coy 
parison with medicine and law. Even by acceptes 
standards, engineers are not recognized as professiona 
since there are only three so-called learned professions 
law, medicine, and theology. We can more reagi) 
claim kinship with magicians who defy the element 
and produce something out of nothing. 

One finds an interesting speculation in the fact thy 
the church, the law, and medicine have perpetuated ; 
uniformity of language; their more secret themes are e 
pressed in a language with which the average engineer 
scarcely acquainted. Algebra does not imply so muc) 
of the influence of culture as does Latin. Let it be sais 
that too few of us can speak or write correct English) 
Only in recent years have our engineering colleges gener 


aliy recognized this great fault. A review of many report: st 
and letters prepared by average engineers will stop | expe 
breath with astonishment. . g 
Professional men are not judged by their works alon lat 
When after six or eight years of intensive study the young rok 
lawyer or doctor has secured his degree, has been ai. 
mitted to the bar or has taken the Hippocratic oath, be engin 
is ready to practice. The engineer at the same time ss MmIsce 
also ‘“‘practicing’’—practicing eating beans with a knile pete 
in some construction camp. This field experience a pro 
young engineers, often covering a period of years, has» hon 
analogy in the other professions. The military or navd appre 
engineering graduate, as an officer, escapes it or conducts lessio 
his work in a manner befitting an officer. But th Ad 
“civil” engineer, to become what “‘professional”’ implies statu 
must come up through the civil ranks to his professional ii pu 
place. Some manage it; others, without grace or trad - a 
rT 


tion, never achieve it. 

One is almost led to believe that the professions ater 
all are materially influenced by heredity and envirot- 
ment. Think of the ancient heritage of the acceptei 
professions as against the early environment of the young 
To overlook tradition is to overlook a power 


SI mal 
practi 
sa pr 


engineer. : 
ful force in the shaping of professional lives. Traditw — 
by the way, is the ‘‘transmission of knowledge, opinion — 
doctrines, customs, and practices, from generation ! : aly 
generation, originally by word of mouth and by — 
ample; a body of beliefs and usages handed down = ug 


ryvell a 


The young lawyer or physician by, tradition is g 
social and professional prestige accepted by al! 
whom he comes in contact. The engineer, if he atta 
prestige, usually does so by reason of his social accep 
bility rather than by reason of his professional acco 
plishments, unless he has achieved most unusual prom 
nence. ; 

Our wistful longing for a professional status or !0°! 
fessional recognition, our as-a-man-thinketh-so-s-™ 
titude, may be assuaged by the written or spoken " 
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papers, in resolutions, and in committee reports; 

others will see us as we see ourselves, these 
igmented by years of conservative practices as 






























a 11 men, individually and collectively, and by 
juct that none can ignore. 
arp dis — — 
_ (he Value of Registration 
. mor By H. M. Jones, M. Am. Soc. C.E. 
: ioinin S CALIFORNIA STATE Boarb OF Civit ENGINEERING 
lepend EXAMINERS, Los ANGELES, CALIF. 
LICE 1S : : : : 
nhessins ppr ARS axiomatic that the professional, economic, 
, social status of the engineer is so fundamentally 
> mnt os endent upon public opinion that it cannot be ad- 
. in com ed without the public’s justified conviction as to 
accentes merit of such advancement. The general public’ s 
fessionals \isal of the required technical training, the qualify- 
fessions- g experience, and the acumen of the engineer fixes 
e readi fessional status; his commercial value to society 
elemens his economic position ; and his demeanor and per 
q ibits fix his place in the social scale. To secure 
fact t ired appraisal will require the focusing of public 
etuated on the professional engineer, as such, by a 
es are r public relations program. — 
ngineer erally, the professional engineer has given little 
= to those calling themselves engineers, or to those 
se he wal practice engineering, or to how such practice is 
+ Bnolish lucted, with a result that the group commonly 
a on wn as the engineering profession has actually a 
apenas most heterogeneous personnel. _Many have found it 
| stor pedient to call themselves engineers when their train 
¢ and experience, or even their activities, have no 
rks al to engineering; and persons engaged in sub- 
the ssional occupations, such as surveyors and drafts- 
heen ad have almost without exception been known as 
> oath. he ineers. Yet the engineering efforts of many in this 
ne time niscellaneous group have been marked by gross incom- 
th a knife petency. Thus the professional engineer, comprising 
prience 1 probable minority of this broad and general classifica- 
rs, has 2 has been subject to mass appraisal without the 
» or nave raiser's knowledge of what actually constitutes pro- 
- conducts ssional engineering. i 
But \dvancement of the professional, economic, and social 
” im sof the engineer awaits the time when he can pass 
rofessions in public review without the impediment of satellites. 
» or trad Conceivably this would be when technical standards 
ior those who practice have been established and are 
sons afte maintained; when the professionals are separated from 
1 envirot the subprofessionals and from usurpers of the profes 
accepted il prerogative; when aggressive control of improper 
the young ractice and conduct is an actuality; and when there 
ka pow IS a positive prohibition against the prac tice or attempt 
ed ‘0 practice engineering by any but qualified persons. 
onis State regulation of the practice of engineering, com 
Sil called engineering registration, seems at the 
id | nt one of the primary and desirable agencies 
an which to accomplish this end. Obviously no 
‘s gi etter than its administration, but in their ab- 
» all iorm the registration laws of the several states 
he a cast capable of technically qualifying applicants; 
la lng the use of the title “engineer’’; applying 
la ction for malpractice; and prosecuting, 
ual se who practice or offer to practice without 
per lority. 
of ! with engineering registration has served 
o-is-h potentialities. For example, practical 
ken W ig examinations, not of the collegiate type but 


ped series of selected practical problems, 
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have been given. The examinee is called upon to 
recognize the theory involved and to proceed with the 
solution, using the proper principle with good engineer- 
ing judgment under conditions which approach those 
encountered in actual practice, save access to advice 
from others. 

As another example, persons using such titles as ap- 
praisal engineer, structural engineer, and sanitary en- 
gineer when they have been, respectively, a real estate 
salesman, a building contractor, and a plumber, have 
been definitely stopped from so styling themselves. 

Cases of complete revocation of registration, suspen- 
sions, and reprovals serve as evidence that positive dis- 
ciplinary action is an effective remedy for improper 
practice and conduct. And finally, prosecuting officers 
have been willing to issue warrants for arrest, to prepare 
and try cases against those accused of practicing without 
authorization or using the title engineer illegally, upon 
the presentation of proper and sufficient evidence. 
Judges and juries alike have not failed to render ver- 
dicts within the meaning of the law and consistent 
with the evidence submitted. 

No claim is made that registration today is contribut 
ing more than an appreciable help toward public recogni- 
tion. Compared with statutory regulation of several 
other professions our regulation of practice is relatively 
new and perhaps for this reason is lacking in comparable 
accomplishments. It is believed, however, that it has 
provided some foundation upon which future profes- 
sional welfare procedure can be based, and has estab- 
lished itself as a proper agency for the continuance of 
this work. 

The effectiveness of registration as an instrument for 
the promotion of engineering welfare is dependent upon 
the completeness of its acceptance and use by the profes- 
sion. This seems true both as to the summation of 
accomplishments and as to the time necessary for their 
fulfillment. From observation it seems probable that 
an extended and modified type of the so-called Model 
Law would be productive of more satisfying results. 
The law might, for example, make provision for vesting 
the administrating authority in a public corporation 
controlled by the profession, providing greater latitude 
and more flexibility in the control of professional prac- 
tice, and using the public corporation as an agency to 
transact such business of the profession as could not or 
should not be transacted by the Society or its Local 
Sections. 


Unionization? 
M. Ao. C.E. 
MANAGING EpitTor, Engineering News-Record, New York, N.Y. 


By Van Tuyt Boucuron, Assoc. Soc. 


IN CONNECTION with the professional status of engi- 
neers I want here to discuss certain elements of the union 
situation which seem to be of special importance. The 
union question is a more serious one for engineers than 
for any other profession, so far as I can see, because 
of our much wider connections with all fields of industry 
and the fact that a large majority of engineers are em- 
ployees in grades below the executive grade. I think 
the union question also is a more concrete problem for 
the engineering profession because many young engi- 
neers, especially those in the mechanical and electrical 
fields, have to take jobs in big industries that are almost 
completely unionized. 

That is why we should not waste time in theorizing 
about the unionization of engineers. We must recog- 
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nize that joining a union may be necessary in order for 
an engineer to get a job or to hold one. A young man 
put that question to me just recently. He said he did 
not wish to join a union, but if it meant his job, he was 
going to. 

I do not think we need to worry about the unions that 
are made up of men in subprofessional positions. They 
serve a useful purpose in helping to keep these men from 
being exploited. If their standards are low, they will 
not attract many professionally minded men, but if 
they raise their standards to the point where the un- 
favorable characteristics of the trade union largely dis- 
appear, then there will remain little cause for concern. 

What should give the profession concern is the forma- 
tion of unions made up exclusively of licensed engineers. 
I do not think that such unions will last long, for their ob- 
jectives would appear to be entirely selfish; but the re- 
cent formation of one such group has served to point out 
that there can be unions which can legally use the words, 
“professional engineer’ as part of their name. Such 
unions, affiliated with uriions of the trades whose work the 
engineers must pass upon, would be very detrimental, 
both to the profession and to the public, and so their 
formation is to be resisted. 

We can meet this situation by a more than passive 
interest in the problems of the licensed engineers whose 
problems seem easiest solved by collective action. 
What we do in the next few years is crucial because we 
are now near the peak of the unionization movement. If 
we can check the development of such unions now, the 
chance of their development in the future will be ma- 
terially reduced. 

The Wagner Labor Relations Act, which has stimu- 
lated so much of the present movement, actually guaran- 
tees rights to the worker which heretofore he could 
maintain only through the support of a union. In the 
long run, that very guarantee will weaken the hold of 
the unions. That will be especially true in the case of 
the smaller groups, such as the employed engineers and 
architects. Strong state societies of professional engi- 
neers, aided by the local sections of the national engi- 
neering societies, should be able to answer so many of 
the economic problems of these groups as to make it 
unnecessary for them to seek the aid of trade unions. I 
cannot imagine the professionally minded man seeking 
the support of a trade tinion except as a last resort. 
Give the young men real aid in meeting their economic 
problems and there will be no need to worry about any 
deep intrusion of trade unions into the engineering pro- 


fession. 





Comments on Salary Studies, and on 
the Teaching of Speech and 
Ethics in Colleges 
By F. N. Mener ee, M. Ao. Soc. C.E. 


Proressor OF ENGINEERING MecHaNics, UNIVERSITY OF 
Micnican, ANN Arsor, MIcuH. 


It MAY be impossible to successfully isolate some single 
satisfying reason why the matter of professional status 
among engineers is so unsettled; why by comparison the 
engineer feels that other callings are more professional. 
I believe, however, that a large part of the difficulty 
lies in the engineer’s rigorous mechanical training, with 
little or no training in the importance of correctly pre- 
senting himself to the public with which he works and 
lives. Putting it in another way, the human qualities 
of the architect, the lawyer, and the doctor are closer 
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to the surface, more apparent, and more easily rasped 
from casual or professional contact. 

If this is correct, it appears that we must bse our 
plan upon training the engineer unostentatioisly 4, 
present his good human qualities to the public. y, 
one questions the technical qualifications of t}. engi. 
neering mind in the United States. Our success jy 
elevating’ the engineer to a higher professional! staty 
will be largely a matter of the amount of training in son, 
of the simpler matters of everyday personal pubjjc 
relations. 

In fact, a successful professional society is an educa. 
tional institution of both undergraduate and graduat. 
quality. Like a college, it has certain qualification: 
for admittance, and it is a device for bringing peop 
together who want to learn from each other and fron 
older and wiser persons found in the group; likewise we. 
might compare the grade or rank of membership with 
the class in college and note that there are studies an¢ 
papers and recitations and criticism of the constructiy. 
type, honors, and so on. 

Today, as in the formal educational institution, we 
have brought in some outside lecturers. From \; 
Sullivan we learn that the American Institute of Archi. 
tects has established standards of fair compensation {or 
the architect’s services. Since fair compensation {or 
services is undoubtedly a justifiable objective of oy 
Committee on Professional Objectives, let us consider 
how the statement applies to civil engineering. (p 
comparable work, such as plans for water works, sewage 
treatment plants, water power, and bridges, the profes. 
sional or consulting engineer usually gets his compensa- 
tion on a percentage basis. I presume it would be {air 
to say that the American Society of Civil Engineers 
“established” our standard rates. If it did not, it a 
least approved them and published a manual for what. 
ever benefit members of the Society could get from it 

I have often wondered why our Society stopped with 
the consulting and designing engineer. Was it because 
the architects stopped there? Possibly if each and 
every city in the land had a city architect, the architects 
would have said, ““We had better devise some plan ior 
establishing a standard of fair compensation for city 
architects.’’ There is just as much logic in the idea of 
fair compensation for the city engineer as for the cu 
sulting and designing engineer. Surely the public s 
entitled to just as much for its money in the way of proper 
sanitation, well-operated and efficient water works, 
it is in good-looking and safe buildings for school 
auditoriums, and so on. 

At any rate we, as individuals, endorse the idea thats 
city employ only a graduate engineer in the capacity 
city engineer; we expect of him a thorough training an 
ability to master whatever additional knowledge is nece* 
sary, from accounting, fire and police protection, © 
landscape design and management of wellare. 4 
through the activity of our Committee on Profession 
Objectives we could give the city engineer and his stal4 
little attention in our booklet, give him a little of t 
freedom that the city attorney enjoys, cities would bent 
fit, engineers would benefit, and the professional status 
the engineering group would be enhanced. | wow" 
suggest that we bring together statistics on muncp® 
engineers’ salaries and duties and develop there!rom * 
recommended salary scale depending on the popula 
kind of community, and so on. a 

Mr. Sullivan refers to the social consciousness “ ™ 
architect, and I should say that social consciousne> a 
theoretically at least, along with learning, am ims" = 
of what was meant when the word “profession 
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I have no quantitative figures on the relative 
nsciousness of engineers as compared with 
ther professions, though I suspect they would 
-ank ih if a way were devised to measure this quality. 
| very sure that they would rank low in being 
ecognized by the general public as having social 


socliai 


gsciousness. The doctor takes first place in the 
hearts of the people on the score of “‘service.’’ The 
iawyer cannot only think and analyze, but can stand 
sp and sway opinion through the emotions; and this 








vality with others, helps to rate him as “learned”’ 
ad hence admit him to professional status. The 
hitect can take the research of the engineer, and put 
i , sketch of a building or bridge which captivates 
the eye of the public; and this gets him the job and 
outs him in the professional class. 
fhe engineer cannot possibly get as close to his client 
scan the doctor. In its deliberations, our Committee, 
jor the time being at least, can leave the doctor’s ap- 
proach out of consideration. And it is generally con- 
-eded that there are too few engineers who can “‘emote’”’ 
for us to try development along that line. But it is 
ecoming recognized in the engineering colleges that 
agineering students can be interested in developing 
their talent in public speech and in raising their per- 
sonality quotient. At the University of Michigan, 
ler a faculty coach, we have an Engineers’ Speech 
Society, known by the Greek name of Sigma Rho Tau, 
which has from 150 to 180 engineering students actively 
rolled every year. Meeting once a week for even one 
ear, studying and practicing various speech activities, 
wil do wonders for a young engineer. When such 
study is pursued for four years, as it is by many of our 
students, the results are very pronounced and the train- 
zy will, | am sure, produce a favorable public reaction 
nd bring about a more accurate appraisal of the social 
nsciousness of the engineer. For with most of us, 
regardless of dictionary definitions, “belonging to a 
rofession’’ connotes being favorably known as well as 
ssessing book learning and rendering service. 
Perhaps our Committee could study and encourage 
the speech movement started by Sigma Rho Tau (which 
w has six active chapters), and through the means of 
eater articulateness of the engineering group add to 
r professional status. 
since the matter of improving “‘status’’ is one of educa- 
within and without the profession, we should pro- 
eed in an orthodox educational manner. One project 
t would be of value would be to collect and edit the 
‘standing publisked discussions on the subject of 
thies lor engineers. (Of these our own TRANSACTIONS 
‘is many, but I would not confine the selection to 
papers written by civil engineers.) Then we should 
range with the deans of our engineering colleges to 
pies placed on the library shelves for reference 
nd tor assigned reading and discussion in English 
sses and student forums. There are a surprising 
umber of students who are anxious to discuss matters of 
nature with teachers and practitioners of engineer- 
“g, OUL lew engineering colleges or societies are equipped 
th tl per rooms and accessories for the most suc- 
lication of the idea. 
‘Series lor forums properly conducted by engineers 
he engineering student’s career, and extend- 
lew years in which he is a Junior in the 
t bring him to see the fallacy of unionism 
except for the sake of expediency—then 
let him go. With a properly conducted 
in the college and carried on by the Local 
will not be enough derelicts to worry over. 


se 
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There is a tendency among engineering colleges to 
depart from the policy upon which most of them grew 
great. I refer to the employment of teachers who have 
served a successful apprenticeship in engineering practice. 
In a speech before the Society for the Promotion of 
Engineering Education, entitled ‘Instruction on Pro- 
fessional Life and Conduct,’’ Daniel Mead, Past- 
President of the Society, deplores the lack of acquaint- 
ance, among engineering educators and purely technical 
men, with the unsavory side of life which continuously 
confronts the professional engineer. Referring to the 
poise required by the engineer when faced with a dis- 
honest proposal, he said, ‘“This lack of experience with 
the seamy side of professional life is the reason that in- 
struction on professional life and conduct is not uni- 
versally taught in the engineering schools of the country.”’ 
Evidently Dr. Mead thinks there is now a lack of ex- 
perienced faculty material from which to expect results 
in this important but non-technical phase of the engi- 
neer’s training; if so, there is all the more reason why 
we should have a Committee on Professional Objectives. 

Perhaps this Committee can assist in correcting the 
situation arising from inexperienced teachers—or at 
least encourage the establishment of the needed in- 
struction in the Local Sections. But I believe there are 
still enough engineering teachers with professional ex- 
perience—including contact with unethical or dishonest 
practices—to justify the encouragement of special in- 
struction in ethics during the student’s college career. 
Let us make a study of ways and means of arousing the 
civil engineering faculty man to his responsibility for 
providing something more than a commencement day 
speech on these matters of non-technical nature which 
are so important in the success of the practicing engineer. 

The present symposium is only a small fragment of 
the total discussion directed to the professional status 
of the engineer. Other engineering groups are working 
along certain lines of endeavor with very creditable 
results. Among those whose counsel and advice should 
be sought is the Society for the Promotion of Engineering 
Education. Another is the National Council of State 
Boards of Engineering Examiners, which has had a 
background and experience in one phase of the problem 
that our Committee could well study if it has not already 
done so. Again, the Engineers’ Council for Professional 
Development has a Committee on Professional Recogni- 
tion which has made valuable statistical studies; un- 
doubtedly this organization would welcome an op- 
portunity to cooperate with our Committee. Finally, 
the American Engineering Council (which appears. to 
correspond to the American Bar Association) is interested, 
and we should not fail to enlist its aid in our quest for 
ways and means to make engineers conscious of the 
multiple benefits of higher professional objectives. 
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AS ENGINEERS we like to think we use the so-called 
“engineering approach’”’ to all our problems, that is, we 
first assemble our data and analyze our facts before we 
draw conclusions and offer opinions. And so we do 
when only physical factors are involved. But when 
it comes to personal matters, human relationships, 
social, political, and religious ideas, economic theories, 
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and even professional development, we throw customary 
caution to the winds, base our reactions and advance 
strong opinions purely on personal experiences and often 
on mere prejudice. We can build a bridge, construct a 
dam, or erect a building strictly on schedule, but when 
it comes to social problems and human relationships, the 
job is never done; conditions change constantly, and we 
are never up to schedule. 

However, in so far as we can, let us try the engineer- 
ing approach in the case for the young engineer. To 
stimulate discussion and bring forth facts and ideas, let 
us try the method of provocative questions. 

l. The 1930 census lists 226,249 technical engineers 
and surveyors. Some 9,000 or more technical graduates 
are entering the profession each year. Is the field 
becoming overcrowded and should we seek to raise the 
average quality of engineers by limiting the supply? 

2. It now takes at least four years and costs the 
state and family about $10,000 to turn out an engineer- 
ing graduate. If we increase the period of training and 
the cost, can we also provide a more adequate return on 
the investment, not only in earnings but also in the 
quality and dependability of engineering service? 

3. Certain groups are seeking to capitalize on an ap 
parent deficiency in the economic status of young engi- 
neers, by stressing the value of group action and co- 
ercion. Can we ignore this trend as non-technical and 
maintain a professional reserve, or will we be compelled 
to do something about it in order to hold our professional 
status’ 

1. Employment conditions are constantly changing. 
More and more engineers find it necessary to work for 
federal and state agencies, public institutions, and large 
private corporations, in which the service is classified 
and the personnel department prefers to deal with or- 
ganized groups and not with individuals. Can we as a 
Society help the young engineer to find and hold his 
place in such an economy or must we leave this field to 
other associations formed solely for this purpose? 

5. The field for individual practice or of individual 
employment is becoming very limited, and the oppor- 
tunity for the young engineer to set up his own office is 
becoming more and more remote. How can we help 
the young engineer to acquire both business sense and 
training and to make those contacts with the business 
world that so vitally affect his future success? 

6. The old rule for success was: Pick out a good boss 
and rise with him. How can we, in the new order of 
things, foster and develop that spirit of comradeship 
and cooperation between engineer and cub, which many 
an old engineer cherishes and to which he attributes his 
initial success? The administrative duties of executive 
engineers are now so exacting that they no longer have 
time to develop such contacts even though they still 
want to do so. Can we set up in or through the Society 
a system of counselors to perform this worth-while and 
much needed service, and thus offer to young engineers 
the benefits of ripe experience and personal advice? 

7. The days of the pioneer are over and the frontiers 
gone. The young engineer must now find employment 
in large cities and industrial centers. Unlike the initiates 
in other professions, few opportunities exist for him in 
small communities. Can we help him to become ad- 
justed, to avoid getting lost and temporarily sidetracked 
in the tumult? 

S. The initial work of the young engineer is being 
limited to one or more repetitive tasks. He isa tracer, a 
detailer, or a field man and becomes almost as much a 
feature in the production line as does the ordinary me- 
chanic. Few have the opportunity to follow a project 
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through from the preliminary report to final constry 
tion. How can we help the young engineer to atta), 
the broad experience and judgment that distinguish 
engineering from the skilled trades? 

9. To secure the necessary wide experience, the yoy, 
engineer of today often has to change jobs frequent, 
Sometimes there is no other way to get out of a ny 
Is it possible to set up some sort of a rotating internshi, 
in industry under which the young engineer can fp, 
his proper interest and field without having to become , 
floater? 

10. The foundation of American life is the family 
More engineers have been spurred on to greater incentiy. 
by their wives than have ever been hampered by thei; 
families. Must this steadying influence be delayed }y 
the pinch of necessity due to lack of security and Joy 
income? 

ll. The Society’s remarkable growth came largely 
through the free exchange of technical data and idea 
during a period of rising population and _ industria) 
growth. Now that we are approaching a period of stg. 
bilization, can we by a similar exchange of economic data 
and experiences help both young engineers and ourselyes 
in necessary economic adjustments? 

12. The criticism is raised that the young engineer 
lacks cultural training. Would it be wise to follow the 
example of other professions and make the study of eng 
neering a graduate course? 

13. The best man is not always chosen for a give 
job, any more than the best design is always used for a 
particular structure. The problem of personality and 
salesmanship is an essential factor. Most of us learned 
through hard knocks how to sell our services. Can we 
help the young engineer to develop necessary traits 
personality? Can we set up a more comprehensiy 
employment service not only to help the unemployed but 
to secure deserved advancement of the employed through stre: 
a knowledge of new opportunities? 

14. ‘Progress in the engineering profession depends 
upon the ability, technical skill, and personality of the 
individual,’’ said President Riggs at the Fall Meeting 
in Rochester, in October 1938. A synonym for per 
sonality is character. As members of a society we de- 
velop individual ability and technical skill through the 
interchange of ideas. The third and most important 
factor, which can be developed only through associati 
with superiors, we regard as intangible and leave t 
chance. Do we engineers need to cultivate more of that 
which the doctors call ‘‘bedside manner”’ and the lawyers 
term ‘‘court appearance’? Is not that the “it” which 
sells engineering and commands public recognition, and 
if so should we not help the young engineer to develop be u 
“it” early? valu 

15. The young engineer knows full well the compet 
tion he must meet, and that he must be able to fg 
his way right up to the top. All he seeks is the mgat 
to do so on an equal basis. Is there any danger that 
trying to help him ride smoothly over the econom 
bumps, we may make him soft, and dull his sense 
initiative and perseverance? ; 

The answers to these questions are no more sete’ 
in my own mind than they probably are in yours. Eve 
if we knew all the answers, there is no assurance that we 
can put them in practice in a competitive system. Hov- 
ever, I believe that a careful consideration of these 1 or’ 
tions will help to clarify some hazy ideas and will te 
to make us all better men and better engineers. we 
will be doing an essential public service in that we ® 
trying to improve human relationships, as well as physi 
cal conditions, under which people must live and 
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“= M Forecasting Stream Flow from Snow Surveys 
ne i ethods for Predicting Total Quantity and Daily Distribution of Flow Over Critical Periods 
A PAPER FROM THE 1938 WareR CONSERVATION CONFERENCE IN SALT LAKE Crry 
ms By Georce D. Ciype 
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cent GRICULTURE in the United T'REA M-flow forecasts do not pro- factor and that losses can be grouped 
y th States west of the 100th me- vide more water, but they do make together and given a fixed value de- 
ved | ridian is dependent on irriga- possible a more efficient utilization of the pending upon the particular water- 
nd | the entire economic and available supply. Made sufficiently far shed. For this assumption to be 
iJ structure is built upon the ade- 1m advance, they form the basis for the true, the major portion of the flow 
laree acy and reliability of the water annual planting program of the irriga- to be forecasted must come from 
d id opty. A knowledge of the probable for, the generating program of the power high elevations where there is little 
dust: oly in advance of its occurrence company, and the flood protection pro- or no winter melting, and the meas 
of s ereat value in water conserva- gram of the entire watershed. On the urements of snow cover must be 
nin d th in making possible the snow-fed streams of the West, reasonable made in this area. For forecasts of 
ares mplete utilization of the wa- accuracy in 6-month forecasts 1s regu- early runoff, which comes largely 
| it comes, and in enabling J/arly being secured by the ‘“‘percentage from the lower areas, measurements 
ngines elopment of control meas- method’’ of interpreting snow survey of snow cover, spring precipitation, 
aoe the prevent or reduce flood rav- data, and definite success in predicting and soil moisture must be made in 
al [he water supply available the daily distribution of stream flow over these areas. Every watershed seems 
. gation is derived largely considerable periods has also been tobealaw unto itself and the snow- 
as high watersheds, on which achieved in a number of instances. Both cover-runoff relationship must be 
ed { r part of the precipitation types of forecast are discussed by Dean worked outforeach. Once the basic 
St ssnow. In Utah, forexample, Clyde in the accompanying article. relationship and the effect of the 
lear itely SO per cent of the run- modifying factors for a particular 
Ca \pril-September, inclusive, is derived from snow on stream have been determined, a measurement of snow 
trai vatersheds that constitute only about 20 per cent cover at the end of the precipitation season will indicate 
ehe tate’s area. Practically all the streams in Utah the probable water supply during the following summer 
wer classed as snow fed, and this is largely true of months. The period for which the forecast is made will 
thr ms throughout the western United States. vary on different streams. In Utah it is made for the peri- 
of water in the form of snow makes possible ods April-September and July-September, both inclusive. 
depe ince determination of the probable water supply. Snow courses should be located above the line of winter 
¥ sts may be expressed in terms of acre-feet for melting, although there should be a few courses at lower 
Me periods, or in terms of discharge in cubic feet elevations to furnish a check on winter and early spring 
for 1 r second for specific dates. Forecasting the total sup- melting conditions. Low courses are particularly de 
7 we er a given period, on the basis of sirable when a forecast of the April- 
ug! W surveys, is now well established, *° September runoff is required. A sat- 
npor letermination of the probable isfactory site is one having a uniform 
200% harge for any specific date during snow cover and fairly well protected 
lea il runoff season is more diffi- ~ an from drifting winds. The course should 
e of On streams having ample sur- »* | be as free as possible from large irregu- 
law rage, a seasonal forecast is all ¢ ,,, larities, steep slopes, boulders, fallen 
Lowi necessary. However, where 2 trees, meandering streams, logs, brush, 
ot water cannot be stored, but must .~ and snow slides. If a ridge location 
le" ed as it comes, it is extremely ~ ¢ is necessary, the course should extend 
le to know the time of its oc- = (a) down both sides of the ridge. 
com . r" In general, the length of the course 
to fig V¥ surveying for stream-flow 2 Po = should not be less than 500 ft nor more 
the rig ig is not predicated upona = than 5,000 ft. It need not be straight, 
r that not the quantity of water . but can angle in any direction to 
a tershed at the end of the _ 4 Se avoid obstructions or other difficulties. 
sens season and the quantita- < - i The points of observation are located 
tof the losses. Rather it 5 Pa by tape measurement from the start- 
e set a normal snow cover ~*~ 2 ing point, or from fixed markers along 
5. | i normal runoff. This - the line, and it is highly important 
e that ¥ es been called the per (b) that the observations be made at the 
n. H ‘age method of forecasting, and % 40 60 8 100 20 Same point each year. Snow samples 
eS | and first used by Dr. Snow Couey Ge Pussentage of Lang Tine Manns are taken and water content deter 
will Pe h of the University of pig 1. Retation Berween SNow Cover Mined at each observation point. 
ers ! AND RUNOFF, LOGAN RIVER Following Dr. Church's pioneer 
at wi lorecasting based upon (a) For the Period April-September, work in forecasting flows from snow 
as phy ree method assumes that Inclusive surveys, the Utah Agricultural Ex 
dw the most important (6) For the Period July-September, Inclusive periment Station became actively 
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interested in the subject in 1923, and in 1930 active co- 
operation with the Forest Service, the Weather Bureau, 
and the Utah State Engineer was developed. By 1935 
the activity had grown to such an extent that coordina- 
tion of the efforts of the various states became neces- 
sary, and the Bureau of Agricultural Engineering, U. S. 








— ee ee ee ee os 

















Curves ror Dar_y Forecasts, Four UTan STREAMS 
Department of Agriculture, became an important co- 
operator. 

In Utah the cooperative snow surveys now cover 85 
courses, most of them above 8,000 ft in elevation. In ad- 
dition there are more than 500 similar courses being 
surveyed in the other western states as a result of coopera- 
tion between the states and federal agencies under the gen- 
eral direction of the Bureau of Agricultural Engineering. 

Snow-cover-runoff relationships are different on each 
watershed. In some instances one course well located 
furnishes the key to the probable water supply; in others, 
several courses are necessary. In Utah a large number of 
courses were established so that a true picture of condi- 
tions could be obtained. If after a few years of records 
are available it is found possible to drop certain courses 
without effecting the results, this can be done without 
a loss of time. On several Utah streams it has already 
been found that a simple relation exists between snow 
cover and runoff. Such a relationship is shown in Fig. 


1, for two different periods on the Logan River. These 
are typical forecast curves. Forecasts are made for two 
periods—April-September and July-September. The 


first gives the total runoff during the irrigation season, 
and the second the runoff during the critical low-water 
portion of that season. Forecasts made regularly from 
these curves show a maximum variation of less than 10 
per cent and an average variation of less than 5 per cent 
of the actual runoff. These limits of error are quite 
satisfactory. 


FORECASTS HAVE BEEN PUT TO PRACTICAL USE 


The utility of forecasts of probable total water supply 
has been amply demonstrated in Utah since 1923, when 
this work was begun. In 1926 the first water shortage 
occurred. No quantitative prediction was possible in 
that year, but the deficient snow cover did indicate that 
a shortage would develop. Asa result, farmers in general 
reduced the acreage of their late-season crops. Those 
who did so matured what they planted, while those who 
did not found that much of their labor and seed were 
wasted. In 1931 another drought became evident before 
the beginning of the planting season. That year the sugar 
companies refused to contract for beets, and the banks to 
lend money on crops, until the water supply forecast was 
available. As a result of these precautions, most of the 
late-season crops that were planted were fully matured, 
and the effects of the drought materially reduced. 
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The drought of 1934 was anticipated from mid 
snow surveys over the Utah network as early as F< 
of that year. There was an extremely light accum: 
of snow on the high watersheds and the earth 
under the snow was dry. The lower watershed: wer 
completely devoid of snow and the valleys had ¢ xper; 
enced only light precipitation. This early warning wa; 
emphasized by deficient precipitation during Fy 
and March, and by the first of April snow surveys clearly 
indicated that Utah faced the worst drought in her hic 
tory. At that time the potential water supply did no; 
exceed 35 per cent of normal. This condition was 
brought to the attention of the Governor of Utah on Apri 
1, and he immediately set in motion the machinery neces 
sary to meet the situation, by calling the first drough 
conference in history to be held before the drought o¢ 
curred. At this conference two lines of action were de 
veloped—first, to put into effect immediately a water 
conservation program, and second, to begin immediately 
the development of supplementary supplies so that they 
might be available by the time the crops needed the water 

The conservation program involved an educational 
campaign to acquaint water users with the situation, and 
the modification of acreage planted, methods of irrigation, 
and administration of water to secure a maximum use o/ 
the available supply. Surprisingly enough, the water 
users of the state were in the main unaware of the 
seriousness of the situation. As soon as they were con- 
vinced, however, that a real shortage existed, they initi 
ated a program to combat the drought. They did not 
wait until the drought was upon them before beginning 
operations, and as a result they matured most of the cr Ips 
they planted, saved their orchards and perennial plant 
ings, moved their livestock out of the state before they 
starved, and developed supplementary water supplies 
for irrigation and domestic purposes before the ordinary 
sources of supply dried up. 

The water development program inaugurated upon th 
issuance of the water supply forecast enabled the stat 
to develop, in time for use in saving crops, approximately 
400,000 acre-ft of water. Estimates indicate a saving in 
Utah, in crops alone, due to the program of water con 
servation and the development of supplemental water 
supplies, of over $5,000,000. In addition to this, th 
saving in livestock effected through the federal purchas 
plan was of course tremendous. 
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PREDICTING THE DISTRIBUTION OF FLOW 


A knowledge solely of the total quantity of water avai 
able during an irrigation season is not sufficient on thos 
streams which are not fully controlled by artificial storag: 
because the forecasts of total supply do not indicat 
when the runoff will occur. Most of the diversions | 
Utah are from natural flow, and it is extremely difficul 
to divide the water among the users in proportion to the! 
right when the rate of fall of the stream is unknown 

Rotation among users in each canal system is the 
versal practice in Utah, continuous deliveries being ma“ 
to the different companies from the streams which supp! 
the water. On a stream which falls rapidly during & 
summer season the user who gets his turn early gets mor 
water than later users, for most deliveries are made © 
terms of a stream for so many hours, and though U& 
streams decrease in size as the river flow diminishes, “ 
time remains the same. 

If it were possible to predict the discharge for any © 
it would be possible for the water commissioner to deliver 
water in terms of acre-feet, and the water master 10‘ in 
to deliver water to users in terms of acre-feet per mo" 
This would make possible a “rotation-on-dem and’ sv 
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liveries that would greatly increase the efficiency 

use. 

iy of typical Utah streams not regulated by 

eveals a striking uniformity in the slope of their 
' irographs during the falling stage and the critical 
swowater period (July-September, inclusive). The 
ivden, Weber, and Provo rivers have been used 
alysis. All these streams have relatively long 
ut only those years subsequent to 1920 have 
sidered because this period includes years of 
n, minimum, and mean flow, and the average of 


maxi! 
‘his period is very near that of the entire period of record. 

From an examination of the daily hydrographs it was 
‘ound that after the river discharge had reached a maxi- 
mum (shortly before the final disappearance of snow from 
the watershed), it declined sharply. In every case the 


fecline appe ared to follow a definite law regardless of 
shether the year was one of high or low flow. 
ro check this observation all the years of record used 
n each stream were arranged in four groups of different 
lischarge ranges. It was seen from inspection that the 
rves formed by the falling portion of the hydrographs 
were similar in many respects. Further examination 
made by superimposing the hydrographs upon one an- 
her by means of a tracing table showed that if the bases 
{ the hydrographs were made coincident, the curves 
were nearly parallel to one another. This parallel re- 
lationship covered the period beginning with the down- 
ward trend of the hydrograph and continuing on into the 
wintermonths. Thus it appeared that the slope of the hy- 
graphs followed a rather definite relationship. The 
rographs were then shifted both horizontally and 
tically, until they coincided, care being taken to keep 
the bases of the individual hydrographs parallel to one 
ther. With the hydrographs in this position, a 
th curve was drawn through them which had the 
same shape as the mean hydrograph of the group. The 
yiation of individual hydrographs from the mean 
rve was very small. 
[he same procedure applied to each of the four groups 
each stream produced results that were equally well 
ned. The group mean curves on each stream were 
superimposed on each other, keeping the bases 
rallel, and were found to be nearly coincident. A final 
ist’’ curve, representing the mean of the four 
groups, was then drawn for each stream (Fig. 2). 
it was found that rectangular hyperbolas could be 
rawn that would coincide almost perfectly with the 
curves, but to keep their axes parallel to the 
i the hydrograph it was necessary to rotate them 
ugh a small angle. In addition, a constant had to 
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be added to the equation to compensate for the vertical 
shifting necessary to bring the hydrographs into coinci- 
dence. The result was a forecast equation of the form, 
y? + Axy — x*=B = C, in which y is the discharge in cu ft 
per sec at any date, and x is the time interval in days be- 
tween date of forecast and date for which discharge is 
desired. A and B are fixed by the origin and rotation 
of hyperbola, and C is determined by the distance above 
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Fic. 4. BOARD AND TEMPLATE TO FACILITATE GRAPHICAL 


FORECASTING 


or below the base of the hydrograph that the base of 
the hyperbola was found to be. The equation being a 
little awkward to handle, a graphical method of forecast- 
ing was worked out that would produce the same results. 


GRAPHICAL METHOD OF PREDICTING DAILY DISCHARGE 


Consider a daily hydrograph AB (Fig. 3) which repre- 
sents the discharge of a stream for several days previous 
to the date on which the forecast is being made. The 
point B represents the last day of record available, and 
it is desired to forecast the stream flow for the remainder 
of the water year (to October 1). The forecast curve, 
curve ABC (dotted) is now superimposed on the hydro- 
graph so that the slope of the curve at point A coincides 
with the slope of the hydrograph at point A, and the base 
of the curve is parallel to the base of the hydrograph. 
The portion of the forecast curve ABC then represents 
the discharge during that period measured from the base 
of the hydrograph. 

To facilitate making the forecasts, a drawing board 
has been constructed (Fig. 4) which has an adjustable 
base with a groove in its edge so that a templet of the 
forecast curve can be moved horizontally and vertically 
and yet remain in proper position with respect to the 
known portion of the hydrograph. The latter is fastened 
to the board itself. 

Forecasts of daily discharge from snow-fed streams, 
during the spring recession and summer low-water peri- 
ods, can be made if the flow characteristics are known 
and the results are well within the limits of accuracy re- 
quired for application to practical use. The forecasts 
can be made far enough ahead of the stream-flow oc- 
currence to be used as a basis for distribution of water 
under the demand system. 

Water supply forecasts do not provide more water, nor 
do they prevent or reduce natural water losses; but a 
knowledge of the extent and distribution of the supply 
in advance of its occurrence does make possible a more 
efficient utilization and is therefore an important factor 
in any water conservation program. 








Residential Zoning Problems in New York City 


Present Regulations Not Only Are Too Complicated But Have Little Relation to Practical Need; 
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EFORE considering the status 

of residential zoning in New 

York City let us review 
briefly what zoning is expected to do 
for a city, particularly its residential 
areas. Like other regulations under 
the police power, zoning is intended 
to contribute something to the 
health, safety, and general welfare 
of citizens. Zoning meets these 
tests by preventing incompatible 
uses, and by establishing minimum 
restrictions on the coverage and 
heights, that is to say, the bulk, of 
buildings, in the interest of obtain- 
ing the light, air, ventilation, and open space requisite 
to good living and working conditions. 

Urban dwellers have been signally unable to protect 
themselves in these matters. Without zoning, they are 
vulnerable to the selfish actions of their neighbors, par- 
ticularly the intrusion of incompatible uses and the shut- 
ting off of light and air by buildings of excessive bulk. 

Zoning differs essentially from most other regulations 
in that it differentiates between different parts of the 
city, applying to each area the regulations appropriate to 
it. For this reason, zoning goes much further in serving 
the interests of the individual than any general law ap- 
plicable throughout the city. At the same time it gives 
the city an instrument of great potentialities for control- 
ling and directing its growth. 

One of the great sources of loss in our growing Ameri- 
can cities has been their instability. Designers of 
streets, sewers—in fact of practically all public improve- 
ments—have until now been pretty much in the dark as 
to the size and nature of the structure for which these 
facilities were being provided. Given a greater degree of 
predictability, that is, a substantially smaller range of 
variation in the use and intensity of land development, it 
should be possible to achieve substantial economies in 
providing all these services. If the rapid growth of 
many cities has to date made such predictions difficult, 
the era of stabilizing population we are now entering 
presents an altogether different picture. The time has 
come for a correspondingly stabilized city structure, and 
zoning is one of the ways to bring it about. Let us con- 
sider the adequacy and potentialities of New York's 
residential zoning from this enlarged viewpoint. 


in city soning 
present regulations, 


lakes an optimistic v 


PIONEER ZONING REGULATIONS DEMAND RESTUDY 

New York was the pioneer in this country so far as 
zoning is concerned. If it should appear in the subse- 
quent discussion that the zoning of the city is something 
less than the effective instrument of social progress just 
described, this is in no wise intended to disparage the 
efforts of those who initiated it a generation ago. As 
pioneers in unexplored territory they did their work well. 
Many benefits growing out of the zoning of the city 
could be cited if that were the purpose of this paper. 

But recognition of New York's contribution as a pio- 
neer in zoning should not prevent us from viewing the 


THOUGH New York was the pioneer 


sorely in need of revision. 
four million people, he points out, or 
60 per cent of the ci 
in areas zoned as non-residential, and 
thus are excluded from the benefits that 
zoning should give. 
main phases of the problem and suggests 
needed changes. In view of the increased 
public agitation for a tightening of 
zoning restrictions in New York City, he 
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present situation realistically, o, 
blind us to the problems involved 
or excuse us from taking action jf 
drastic changes are called for. 

My subject is limited strictly t 
New York City, but at the outset | 
wish to refute the idea that New 
York is a case by itself, and not typi- 
cal of anything else in the country 
There are many facts which deny 
this conclusion emphatically, so far 
as significant aspects of land use and 
zoning are concerned. 

For example, some time ago Har 
land Bartholomew, M. Am. Sq« 
C.E., made a very useful study of the proportion oj 
urban lands devoted to various uses, published as on 
of the research reports of the Harvard School of City 
Planning. It indicated that, on the average, the de 
veloped portions of cities contain about 10 per cent 
business and industrial land; 10 per cent parks and other 
open spaces; and SO per cent residential use. Recent 
careful studies of New York City show that the percen- 
tages of the city’s area in the first two categories are ex 
actly the same as those given. Residential use now oc. 
cupies about 60 per cent and the remaining 20 per cent 
is vacant land, which will doubtless go largely into res 
dential use in the course of time. 

These facts provide the first and most obvious basis 
for criticism of the present zoning. The areas zoned for 
the purposes just cited and the areas actually used for 
these purposes are substantially in reverse, non-resider 
tial uses being permitted in about 63 per cent of the citys 
area. Worse still, those portions of the city where th: 
discrepancy between actual use and zoned use is greatest 
happen to be those in which most of the people live, s 
that well over 4,000,000, or 60 per cent of the populatior 
live in areas now zoned as non-residential. In view 
the benefits supposed to accrue to the people through 
residential zoning, what is to be said of a zoning law 
which excludes three-fifths of the city’s population trom 
such benefits? The first commentary upon the need jor 
strengthening of zoning in New York's residential areas 
is therefore the rather obvious one that the places wher 
people actually live should be zoned as residential. (1 
til this is done no revision of the provisions governing 
residential areas will be of much avail. - 

But this is not all. The flight from reality typified >) 
New York's zoning is further illustrated by the fact that 
as in several other pioneer cities, three types of districts 
are set up, separately defined in the ordinance as "us 
“height,” and ‘‘area’”’ districts, shown on three separa 
sets of maps. 

Turning now to the height and area maps, let us * 
what they have to offer. In 1901 and again in 1925 U 
Legislature of the State of New York passed laws © 
tablishing minimum standards for the construction ‘ 
multiple dwellings. These laws, unlike zoning, * 
equally applicable to residential buildings conta. 
more than two families wherever they may be erect 
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No. 4 


say, their standards could be no more exacting 

e practicable in the parts of the city where land 

re highest and population densest; and I can 

u that many and regrettable compromises were 

» before the laws could be passed. Nevertheless, 

-tar dards of building bulk contained in the Multiple 


nwel Law are more restrictive than those in the 


w in all of Manhattan except the very northern- 
of the island, in the vast portion of downtown 
(as far out as Prospect Park), in the lower 
ind easterly portion of the Bronx, and in a con- 
erable area in Long Island City, Astoria, and other 
yortions of Queens. 

er words, zoning might as well be non-existent 
s the residential buildings in these parts of the 
ye oneerned. I need scarcely remind you that in 
<e instances, too, the areas where zoning is not effec- 
ire those in which most of the people live. I do not 
ve the exact figures, but if 60 per cent of the city’s 
nie live in non-residential areas, then a not far dif- 
nt proportion of the people live in those parts of the 
which zoning of the bulk of residential buildings 

J] intents and purposes non-existent. 
Finally, to complete the picture, it must be said that 
utlying areas of the city, beyond the boundaries 
t described, are equally wide open in proportion to 
potential use. The discrepancy between actual, 
ntial, and zoned building bulk has often been stated 
numerical terms somewhat as follows. Whereas the 


b has 7,000,000 people at present, and probably looks 
forward to about 9,000,000, the buildings that might now 


» erected in residential areas could accommodate about 
(0,000, and if we put into residential areas the in- 
rectly zoned non-residential districts, the number 


would be proportionately increased. 


n other words, residential zoning for New York needs 
be drastically revised if it is to have any significant 
n whatever to the practical possibilities of land de- 
lopment and growth of the city. In this New York 
ibly is reasonably typical of most cities. 
[hus described, the strengthening of New York City’s 


sidential zoning appears to be a Herculean task. But 


there are many factors favorable to the successful ac- 


mplishment of this work at the present time. These 
ude a generation of experience, both technical and 
Public authorities and their advisers have ex- 
mented, discovering what sort of zoning works best, 
t the courts will uphold, and what they are not pre- 
red to accept. In the course of all this, the frontiers 
this sector of the police power have been pushed for- 
and a body of supporting decisions has been built 
[t is possible to proceed much further now than 
New York was first zoned. 
his improved outlook is not limited to the methods 
id legality of zoning itself. It extends to the whole 
ground of fact and analysis as to the city itself, 
s existing conditions and future outlook. The several 
dollars worth of research done in this city as a by- 
of the depression, largely through work-relief 
has placed us in position to proceed with far 
ter assurance than heretofore. 
technical aids are probably no more important 
ychological and political support growing 
ised public understanding of, not to say de- 
protection which is to be found in zoning. 
ur zoning has been to date, the people have 
good, and want more and better zoning. 
t unrelated to this growing public senti- 
now a governmental set-up in New York 
etter adapted to the handling of all city 


cts 
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DISCREPANCY BETWEEN THE ZONING CLASSIFICATIONS AND ACTUAL 
PREDOMINANT USE IS TYPIFIED BY THE SECTION OF 
QUEENS BorouGH HERE SHOWN 


planning matters, particularly zoning. I refer, of 
course, to the fact that the new city charter not only 
established a City Planning Commission but requires all 
matters affecting the city’s development to pass through 
the Planning Department, thus obtaining a coordinated 
consideration of all these matters by a non-political 
body with a competent technical staff. The commis 
sion’s determinations for the most part can be reversed 
only by a three-fourths vote of the Board of Estimate, 
so that there is a considerable presumption that the 
planning viewpoint will prevail. 

There are naturally obstacles to any progress of this 
sort. We need not mention such old friends as inertia, 
but the outmoded structure of New York’s present 
zoning, with its three separate maps and indirect and 
negative approach, is not to be dismissed lightly. False 
expectations as to land values and building possibilities, 
perhaps generated or augmented by over-liberal zoning, 
must also be counted among the psychological obstacles 
to be overcome in remedying the city’s zoning defects. 

The present favorable circumstances, so far as zoning 
revision is concerned, are to a considerable degree the 
result of a series of steps growing out of the actions of 
voluntary organizations. As long ago as September 
1935, soon after the appointment of a _ semi-official 
Committee on City Planning by Mayor LaGuardia, the 
City Club addressed a communication to the city govern 
ment asking for effective action in respect to zoning re 
vision. Other organizations, including the Merchants 
Association and several of the professional business 
organizations, joined in the request. As a result, the 
late Bernard S. Deutsch, then chairman of the Planning 
Committee, appointed a special joint committee to in 
vestigate and report upon the matter. This committee 
worked hard and long, devising a formula by which ex 
cessive bulk of building might be prevented within the 
framework of the present ordinance. The time was not 
ripe for its presentation, but the Mayor’s committee and 
its staff devoted considerable additional time and thought 
to the matter. 

Meantime the voluntary Regional Plan Association, 
operating in the much larger territory of the metropolitan 
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area, gathered, and from time to time presented, argu- 
ment and facts in support of thorough-going zoning re- 
vision. The Association's Information Bulletin pub- 
lished in October 1938 is devoted to this subject. 

Nor was the inexorable trend of events including and 
growing out of the depression without its influence. 
As pyramided mythical land values disappeared, the 
competition for sounder values based upon the provision 
of better light, air, and open space has been intensified. 
Large-scale building operations have been undertaken 
by both government and private enterprise, and with 
them the advantage of drastically lower coverages has 
become apparent. In the large projects, coverages 
range between 20 and 30 per cent. The Federal Housing 
Administration, among other agencies, has frequently 
insisted upon higher zoning standards. 

All these factors have resulted in a substantially modi- 
fied outlook with respect to zoning. This is indicated 
by the matters presented to and acted upon by the new 
City Planning Commission in its first year. I have not 
attempted to analyze the figures exhaustively over any 
considerable period of time, but it is apparent that the 
number and extent of zoning changes made in 1938 is 
from two to several times those made in previous years. 
No less than 11,000 acres were affected by these changes. 
Certain large items still pending before the Commission 
suggest an even more rapid rate of change during 1939. 

A development of a slightly different sort is the modifi- 
cation of the text of the zoning resolution itself. One 
such amendment adopted during the year established 
for the first time in New York City a strictly single- 
family house district. Our zoning pioneers hesitated 
to set up such a district explicitly, but with ample prece- 
dent and judicial support in other cities, we have now 
taken steps to see that single-family house communities 
may survive even in New York. But the most signi- 
ficant fact is the increase in the number and extent of 
petitions for changes involving a stiffening of restrictions, 
as compared to the very limited size and number of re- 
quests for relaxation of restrictions. 


HOW CAN PRESENT DEFECTS BE REMEDIED? 


Assuming it to be self-evident that the residential 
zoning of the city is defective, what should be done? 
How far can we expect to go in the direction of remedying 
the present defects? How shall we proceed to do it? 

One or two steps are relatively simple. I have al- 
ready indicated that one of the chief defects in New York 
City’s residential zoning is that most of the people live 
in non-residential areas. This obviously is one that can 
be remedied by the simple expedient of adjusting dis- 
trict boundaries. All the information necessary to such 
adjustments is now in hand, so far as present uses are 
concerned. 

But the real problem is in the nature of the restrictions 
themselves. The structure of New York’s zoning is 
antiquated and unnecessarily complicated. No less 
than 25 combinations of height and area districts are 
found in the residential areas alone, It is pretty well 
agreed that in order to do a good job it will be necessary 
to replace the old law with some entirely new and up-to- 
date zoning provisions. In doing so not only should 
reasonable standards be provided for the individual 
building, and protection from exploitation by neighbor- 
ing owners, but it should be possible to relate all future 
residential building to a comprehensive master plan for 
the whole city. 

I am not at all sure that the answer is yet in sight. 
There are some fundamental obstacles. The first of 
these is economic. Let us not delude ourselves. Any 
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such rationalization of city growth involves tread ng o, 
someone's toes. During the period of rapid exp ingio, 
speculation was rampant in New York City, as ely. 
where. In future, under a more stable population oy. 
look, the opportunity for speculation will greatly dimiy. 
ish. An effective zoning law is one means of recoynizing 
and giving effect to this reduction in speculation, |, 
justification lies in the fact that if well done it afford 
the greatest good to the greatest number. But we muy 
be prepared to face the fact that individuals wil] }, 
adversely affected by it and will not like it. 
The second obstacle is somewhat more technica 
Zoning was primarily designed to afford the owner of , 
single lot protection against his neighbor. In order to 4 
so, and in view of the type of building customarily qp». 
structed on single lots, especially in congested areas, it wa: 
thought necessary to employ extraordinarily compjj 
cated provisions and formulas. As anyone who hy 
read the New York zoning law knows, it is full of com. 
plicated yard, court, and setback provisions relating 
to the property lines of the individual lot. It has fe 
come apparent that these zoning restrictions, based upo: 
the relationship of individual lot lines, not only stan 
in the way of some very excellent building designs but jp 
the final analysis have little or no relation to the virtues 
or defects of the large-scale projects, both private an¢ 
governmental, which are entering more and more int 
the building picture nowadays. 
The problem may be stated briefly as follows: How 
can we, at one and the same time, decrease the oppor 
tunities for overdevelopment of land, that is to say for 
excessive densities of population and building bulk, and 
at the same time liberalize our restrictions so as to per 
mit the widest possible exercise of architectural geniw 
and obtain a maximum of benefit from the large-scale 
design of housing projects? 
In New York previous to 1900, multiple dwellings wer Fr 
customarily built on lots of 25 ft or less in width. The es 
Tenement House Law of 1901, through its court ani meta 
other provisions, rendered it uneconomical to build ot th 
apartments on lots less than 50 ft wide. The Multiple Aven 
Dwelling Law, passed in 1928, again indirectly but spans 
effectively stepped up the lot size, so that for econome panel 
design apartments required at least 75 or 100 ft of front. n 
age. In other words, the realities of the situation already 
exempt us from the too-detailed provisions that migit 
be necessary to control buildings on very small lots 
Doubtless further progress will carry us further in the 
same direction, so that future zoning regulations should 
be conceived in terms of buildings of considerable sz 
and of groups of such buildings. 
Our future zoning, therefore, should not only perm 
but encourage the better grouping of buildings, and the: 
clear the way for all the advantages of concentrated ope! 
space, more useful recreation facilities, and the supen 
outlook which such grouping can provide. 
One method of approaching the problem would be! 
recognize frankly the need for two different sets of regu 
tions, depending upon the size and nature of the building 
operation. It may be necessary, for example, to ret 
fairly detailed provisions where but a single buildings" 
be erected, but to include in the zoning law opportu’ 
for escape from these provisions under circumstai® 
justifying suspension of the detailed rules. _ In the lat 
case, the direct limitation of gross building bulk, coup 
with suitable standards as to light and air, might ™ 
sufficient. Under such methods I can picture not 
much greater freedom of design for the architect, 
much greater advantages to the residents and © ™ 
whole community. 
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February 1, 1898, I began Cp~HIS, the 
y connection with the 
lanhattan Railway, which 


mprised all the elevated railroads work 


1 New York City. It was com- 
sed of four lines having an aggre- 
vate of 37 miles of structure, carry- Transit Company. 
~e 110 miles of single-track roads. 
rhe lines ran north and south on Mr. Pegram, 


Ninth, Sixth, Third, and Second 
avenues, and several spurs made 
east-and-west connections. 

The history of elevated roads in 
New York City is interesting. The 
Ninth Avenue line was opened in 
9 from Dey to 29th Street, the only stations being 
the terminals. The structure consisted of long plate 
virders supported on columns made of two I-beams set 

, cast-iron base and fanned out at the top for the 
support of the girders. There were no cross-ties, the 
rails being fastened directly to the girders. It was 

erated by endless cable with stationary engines at 

r streets. In 1871 trains of a “dummy” and three 

s replaced cable operation, and other stations were 

gressively opened until 1876, when the road was 

nstructed, double-tracked, and extended to 59th 
Street. (At that time truck gardens and squatters’ 
icks occupied almost all the land north of that point!) 

From then on the other lines were gradually opened. 
hese structures are today (1933) probably the oldest 
metal structures, in point of service, in the world. All 
i them were of riveted construction except the Sixth 
Avenue line, which was a pin-connected structure. The 
pans of the latter were generally 35-ft lengths of 5- 
panel trusses. 

In early times generally all spans over 50 ft were pin- 
connected trusses, but for years the pin-connected truss 
ior spans of less than 200 ft has been considered inferior 

riveted construction which was generally adopted—a 
change no doubt brought about by the fact that there 
were lew makers of eye-bars, whereas every bridge shop 
could do riveted work. The practical abandonment of 

i-connected construction in bridges under 200 ft, with 
lie attending sacrifice of economy, is not yet justified by 
experience in the use of our bridges, and especially that 
the Sixth Avenue Elevated Road which, weighing 
half as much per lineal foot of track as the riveted 
ion, is still (1933) in competition with it after 56 
ars OI Service. 
ne time before I took up my duties with the Man- 
Railway, the use of electricity for street-car 
ulsion had made possible the adoption of tunnels for 
i transportation, and in 1894 a state commission 
‘tablished for the purpose of building rapid 
This commission also had the power to 
ises for extensions of existing elevated roads. 
ier to avoid competition with a proposed city 
\lr. George Gould (who had succeeded his 
e presidency of the Manhattan Elevated 
tructed me to prepare plans for extensions 
ted lines. But these were rejected by the 
t Commission, and the only alternative was 


in 1937. 


4 
+ 


concluding 

Mr. Pegram’s autobiography, is a 
brief résumé of his most important 
that as chief engineer of the 
Manhattan Elevated Railway Company 
and, later, of the Interborough Rapid 


though written in 1933, ends with 1924. 
however, 
active connection with the Interborough 
Rapid Transit Company until his death 
The complete biography, in 
manuscript form, has been deposited in 
the Engineering Societies Library. 
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A. tobiography of George H. Pegram—Part IV 


By THE LATE GeorGE H. PEGRAM 


Past-PRESIDENT AND HONORARY MEMBER AMERICAN Society or Civit ENGINEERS 


absiract 


of for the Manhattan Railway to par- 
ticipate in the construction of the 
subway. I was instructed to look 
into the matter through conferences 
with the late William Barclay Par- 
sons, Hon. M. Am. Soc. C.E., who 
was chief engineer of the commis- 
sion. I went over the proposed 
subway lines with Mr. Parsons, and 
while traversing the goat pastures 
north of 86th Street I was not im- 
pressed with the financial prospects 
of the new subway. I now realize 
that it was ignorance of the possibili- 
ties of New York that deceived me. 

It was not as difficult as I had imagined to make 
friends with New York engineers, as most of them were 
members of the Society, to which I had belonged since 
ISSO. I joined the Engineers Club of New York in 1899. 
At one of their dinners I happened to get at a table of 
jolly fellows—among them, the late Charles Warren 
Hunt, Secretary of the Society. As the dinner wore on 
and the party “‘got gay,’ Dr. Hunt told of the cups he 
had won at golf. Getting into the spirit of things, I 
challenged him to. an eighteen-hole game, the loser to 
pay for a dinner for the party at the table. He accepted. 


The autobiography, 


remained in 


THE HAZARDS OF GOLF 


The match eventually took place at the Montclair 
Club. Dr. Hunt arrived dressed in his field regalia and 
with a big bag of clubs. I was in everyday dress with no 
clubs or other impedimenta. Hunt asked, ‘‘Where are 
your clubs?”’ I replied, “I have no clubs, and what's 
more I never played a game of golf and have never even 
seen one played.” The effect of this declaration on the 
company was electric—except in Hunt's case, where it 
was decidedly thermal. After raising the already high 
temperature of the air, Hunt asked, ““‘How are you going 
to play without any clubs?’ I replied that I could use 
his. He replied: ‘‘Not if I know myself.”” The dead- 
lock was finally broken by one of the group, who offered 
to lend me his daughter’s clubs; and our “‘seconds’’ 
agreed that Hunt was to allow me one stroke a hole on 
the first nine and two strokes a hole on the second nine. 
When we started to play, I found that the girl's driver 
was entirely too short and I induced Dr. Hunt to lend 
me his driver for ‘‘just one shot.”” I took a swipe, and 
the head of the driver broke off and went sailing after the 
ball. Then Dr. Hunt exploded and divulged the secret 
of his former successes. It was all in the magic driver 
that I had broken! At the end of the eighteenth hole 
our scores were tied, and we played the nineteenth hole 
which Hunt won. 

As winner, Dr. Hunt claimed the right to specify the 
details of the dinner and chose a dinner at Coney Island, 
after which we did the various stunt sports. The affair 
was such a success that it became the custom for each 
of the party in turn to lose a foolish bet and give a dinner, 
the details of which were arranged by a committee, the 
loser having nothing to do but pay the bills. 

A new development in electrical traction, the invention 
of the multiple-unit system by Frank J. Sprague, was of 
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special advantage in the electrification of the Manhattan 
elevated road. A five-car train was the limit with a 
locomotive on account of risk to the structure, but with 
the weight of the motive power distributed, trains of any 
length could be operated without damage. In 1899, this 
system was being used successfully on one of the trains 
on the South Side Elevated in Chicago. There the 


controller operated by the motorman at the head of the 
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Tue StxtH AVENUE ELEVATED—1879—1939 
This Venerable Structure, Part of the System of Which Mr. Pe 
gram Was Once Chief Engineer, Is Now Being Razed 


to Make Way for a New Subway 


train operated similar controllers on the several cars 
through an electric train line. In the method finally 
adopted, these similar controllers were replaced by a series 
of contact boxes by which the same result was achieved. 

My special duties in connection with the electrification 
included the design of the power house at 74th Street 
and the East River, and the seven substations located at 
proper points on the lines where the 11,000-volt alternat- 
ing current generated at the power station was trans- 
formed to 600-volt direct current and fed to the third 
rails along the tracks. I thus had the honor of designing 
the largest power house in the world. 

We anticipated the great relief of the traveling public 
when electric operation should begin. No longer would 
there be intolerable congestion during rush hours, with 
trains bunched for a mile in length waiting to pass key 
stations. Besides, the public would be transported at 
twice the usual speed. We had justly gotten ourselves 
into a mood to receive bouquets when the great event 
took place—on December 29, 1901. But immediately 
afterwards a sleet storm occurred, and the ice coating on 
the third rails nearly stopped the trains. So instead of 
bouquets, only curses were showered on us. The danger 
from ice was subsequently overcome, but by that time 
the bouquets were forgotten. 


PROBLEMS IN TUNNEL CONSTRUCTION 


On January 1, 1903, the Interborough Rapid Transit 
Company leased the Manhattan Railway Company for 
ninety-nine years. I continued as chief engineer of the 
Manhattan until June 1905 when, following the resigna- 
tion of 5. F. Deyo, M. Am. Soc. C.E., I was appointed 
chief engineer of the Interborough and of the Rapid 
Transit Subway Construction Company, the latter com- 
pany building the subway which the Interborough 
Company operated. Soon afterwards I was called to the 
office of August Belmont, the great banker (who was 
president of both companies) ,to discuss the subway tunnel 
under the East River at the Battery. The portions of 
the tunnel so far built, he said, were in very bad shape 
due, the contractor claimed, to the weakness of the design 
prepared by the Public Service Commission. 
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The next day, at Mr. Belmont’s request, | 
through the tunnel. The Brooklyn portion had 
gressed about halfway through the slip at the foot ,; 
Joralemon Street. The cast-iron tube was irrevular ;, 
grade and flattened in places so that it would have to }, 
reconstructed to permit a car to pass through. They, 
were numerous cracks and many broken plates jn th 
cast-iron ring. In several places the roof was tempo. 
arily supported with wooden posts. I was inclined tp. 
ward throwing the contractor out and getting anothe 
one, but eventually it was decided that I should under. 
take the direction of the contractor's work instead, |], 
this the contractor acquiesced, since we had to pay thy 
bills. 

It was apparent that the vertical height of the ty), 
must be restored and the grade straightened. One 
the experts proposed freezing the ground around ti, 
tubes so that in a ring of frozen ground we could enlarge 
and replace the tubes at places. We tried this, and it » 
sulted in a dismal failure, because frozen ground jis sy¢} 
a bad conductor that only a thin ring could be frozen 
finally decided to restore the tube by replacing bottor 
plates under air pressure and both top and bottom plates 
above high water where air was not required, and this 
was successfully done. The material through which th 
tunnel was driven was quicksand, and so finely pulverized 
that wherever water leaked into the tube, the sand can, 
with it. If a plug was taken out of the tube in the por 
tion not under air pressure, a stream of sand and water 
would squirt across the tube and the tube could be moved 
up or down or sideways by “‘bleeding.’’ I attempted 
correct the alignment in this way, but it took so } 
that I gave it up. 

All tunnels leak, even after calking, and it was appar 
ent that in this tunnel the operation of trains would aug 
ment the leakage to such an extent that settlement 
would be sure to occur. Such an eventuality could not 
be risked, so I decided to support the tunnel through the 
quicksand portion on reinforced concrete piles driven t 
bedrock. This was accomplished by temporarily taking 
out the lowest third of a cast-iron ring of the tube at ir 
tervals and sinking two piles. To sink piles within th 
tubes required that they be made of 5-ft sections, «1 
fitting over the other as driven. These sections wer 
20-in. steel pipes sunk by the water-jet method and 
pressed down by jacks reacting against the roof of th 
tunnel. After reaching hard bottom the cylinders were 
filled with concrete reinforced with steel rods, which wer 
bent over at the top to join with a concrete cradle 
which the cast plates of the ring were replaced. Some 
these piles extended S80 ft below the tunnel. 

While we were constructing the tunnel, the contractor 
in order to prove the design too weak and thus suppor! 
his claim for additional compensation, was arousing & 
tensive scare propaganda. New York and Brookly 
papers frequently published articles condemning th 
tunnel as practically wrecked and bound to prove unsai 
for use if ever finished. But the final coup of our co! 
tractor finished him. He came to Mr. Belmont wil 4 
report by three of the most prominent engineers in Nev 
York to the effect that if the tunnel did not collapse whe! 
the air pressure was removed, the first train wi uld cef 
tainly destroy it. He threatened to publish this repo" 
unless Mr. Belmont made a certain settlement with him 
Mr. Belmont sent for me, and I advised him to let “ 
contractor publish the report. ‘“‘If it is true, I said 
can't make your condition any worse, and if it 1s motu" 
it will destroy the enemy. I know that it can't be 
because I am in the tunnel every day and know that"! 
proper strength.” 
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L went he report home that evening and found a mis- 
d pr ie calculations accompanying it which, when 
toot of showed the tunnel to be twelve times as strong 
ular i rtclaimed. However, the effect of such public 
© to b irives one to extreme measures often unneces- 
Cher | determined to make the tubes doubly strong 
In the g a reinforced concrete lining throughout their 
tempo- 
ned to. n began January 1, 1908, and after twenty- 
mother this tunnel—the first completed under the 
under ‘ew York—is apparently in as good condition 
ad. I rst opened. 
pay first subway extended from the Battery up Broad- 
4d Fourth Avenue, across 42d Street west to Broad- 
ne tub -ay and thence north to 242d Street, with a branch from 
cry vith Street northeastward to 180th Street and Boston 
ind the goad. After its initial operation in 1904, traffic so in- 
enlarg wegsed that it became apparent that its capacity limit 
id it n ould probably be reached in ten years. Steps were soon 
aS Suc ten for an enlargement of the system. 
. rhe Interborough Company and the Metropolitan 
bott ‘ treet Railway Company were rivals for possession of 
— the new subways. The Interborough claims were based 
nd Uais n the advantages to the public in having them oper- 
uch the te 1 in connection with the existing subways, and the 
Wverized \etropolitan claimed that subways could be operated in 
id cam nection with the street car lines. These opposed 
Me por terests soon combined, forming the Interborough 
d water Metrop litan Company. 
on [his city then took the position that it would build a 
sry triborough system which could be operated independ- 
at ly, and it built the portion of the Lexington Avenue 
from 110th Street to 53d Street and from 42d 
> app to 38th Street—the latter portion being aban- 
ald aug ned when connection was made with the existing sub- 
ten: it 42d Street. 
wuld lune 1S, 1910, a contract was made between the 
a nd the Interborough Rapid Transit Company for 
pee nstruction and operation of the lines in the bor- 
= hs of Manhattan, Bronx, Queens, and part of Brook- 
= with the result that we were ultimately leasing and 
thn erating a system of 76 miles of structure with 265 miles 
- ngle track 
oo hgn i¢ Public Service Commission, acting for the city, 
od repared the plans for the extensions, let the contracts, 
. es | supervised the work. The Interborough Company 
~ ai that in order to provide for the continuous operation 
=— i its trains and the safety of its passengers, it should 
- ustruct the new sections where connections were to be 
_— with the existing subway, and decided to bid for 
a ‘onstruction of such sections through its subsidiary, 
abe Rapid Transit Subway Construction Company, of 
cp which | was chief engineer. 
ae he four sections were exceptionally difficult to con- 
r Sa the one at Grand Central being in my opinion the 
“ed lifcult piece of construction in the world. At this 
; ss there were four levels of traffic to be provided 
“92 , | all while trains were constantly running. 
+ Nes esident engineer on the extremely difficult work 
a a ty of Grand Central, I appointed my old 
ui) late Robert A. Shailer, who was generally 
os i great expert in tunnel construction. Mr. 
7 . it to the job as general foreman John Mc- 
; had worked up from laborer under him and 
said Was the most remarkable man I ever saw on con 
; ion W McCormick was a good mechanic, but 
oe i all his courage, without which this difficult 
> robe uld not have been done with safety. 
3 ul asion when I was going through the work 


through, because it was through passages 
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and holes). “‘Mack,’’ I said, “this is extremely dan- 
gerous work.”’ ‘‘Yes,’’ he replied, “‘but it has to be done. 
Isn't that the answer?” 

Once a large city water main broke at 42d Street near 
Park Avenue, and water flowed through the excavation 
for the subway down into the completed Queensboro 
tunnel faster than the pumps could remove it. These 
pumps were located at the sump at the lowest part of the 
tunnel, where they were enclosed in a concrete chamber 
between the tracks, the opening to the chamber being 
from the track level. As long as we could hear the regu- 
lar exhaust of the pumps we were assured that the tunnel 
would finally be pumped out. But the pump stopped, 
and the Interborough men fled. In this emergency I 
called on McCormick, although the pump was in a com- 
pleted tunnel with which he had no connection or re- 
sponsibility. He and I went down the bench-walk along 
the track, which is 4 ft above the track level and over 
which the water was flowing in the region of the pump. 
Taking a bottle of alcohol, with which he had supplied 
himself, he plunged. below the water and entered the 
pump room through the submerged door. Presently the 
exhaust of the pump was heard again, and the day was 
saved. Ice, formed by the expansion of the air at ex- 
haust, had stopped the valve, which when cleared with 
alcohol began to function again. 

During the war, construction proceeded slowly because 
of the difficulty of securing labor and materials. In fact 
the effect of the war was to extend the time required to 
do the work by about 50 per cent, but it was finally com- 
pleted. 

It was evident that the express service on the new sub- 
way would seriously affect the traffic of the Manhattan 
Elevated Railway unless something was done to improve 
the express service on those lines. For some distance 
near each end of the elevated lines, express trains ran on 
the local tracks, thus reducing the road to two-track 
capacity. If, however, one express track could be con- 
tinued independently to the end of each line, it would 
give the capacity of a four-track road in the direction of 
rush hour traffic, although having but three tracks. 
‘“*Third-tracking’’ was accordingly adopted, and it de- 
volved upon my office to prepare drawings, make the 
design, and do all work in connection with this project. 
The work was done in less than two years (1914-1915) 
without accident or the interruption of traffic. 


‘THE KAISER WAS A LOAFER” 


At the same time we were authorized to extend the 
elevated roads, and did so in the same two years at a cost 
of $14,000,000. This work was going on at the same 
time that I was in charge of the subway construction, 
and to make my leisure still less abundant I served from 
1912 to 1924 as chief engineer of the street car lines of 
the old Metropolitan System, renamed the New York 
Railways. The Kaiser was a busy man during the war, 
but I used to regard him as a loafer compared to me. 

Satisfying and sometimes thrilling as construction 
work is, it pales before that calmer and not less satisfying 
experience that one gets from association with his fellows 
in pursuit of the common interests of his profession. It 
is a great mistake in life to neglect close association with 
those in a similar calling. I was fortunate in being in 
ducted early into this sphere of life, being elected a 
Junior in the Society in 1880 and Member in 1885. I 
have taken a deep interest in the Society from the start, 
and my intimate friends have always been among its 
members. It has been a means of social and business 
contact with engineers of railways, industries, and busi- 
ness organizations with whom I have had to deal. 








Reports of Technical Division Committees 
As Presented at the 1939 Annual Meeting of the Society 


Committee on Flame-Cutting of 
Structural Steel 


THE ULTIMATE objective of the Committee on Flame- 
Cutting of Structural Steel is the preparation of a specifi- 
cation that will indicate under what conditions flame- 
cutting may be used without the necessity of subse- 
quently planing the flame-cut edges. 

Five years ago the first activity projected was a survey 
of the literature on flame-cutting. A second require- 
ment was expected to be the making of a fairly extensive 
series of tests. Fortunately the Committee has been 
largely relieved of both these obligations, since they have 
been executed by bodies outside the Society. Through 
the courtesy of the Welding Research Committee, 
sponsored by the Engineering Foundation, advance 
copies of its comprehensive survey of the literature were 
placed at our disposal. This survey discloses the fact 
that so large a number of tests have already been made, 
both here and in Europe, on the effects of flame-cutting 
structural grades of steel, that very few, if any, additional 
tests seem to be necessary. 

Under these gratifying conditions the Committee 
considers that its task is no longer one of research, but 
has become primarily one of interpretation. The avail- 
able test results have been reported in terms of metal- 
lurgical criteria, such as carbon content and Brinell 
hardness numbers. Such criteria are, of course, un- 
suited to practical application in a fabricating shop. 
Therefore the immediate aim of the Committee will be 
the translation of these criteria into simple rules whose 
execution will not interfere unduly with shop practice. 

While no formal vote of the entire committee has yet 
been taken, the consensus of the members appears to 
indicate: 

1. Ordinary grades of structural steel, such as 
A.S.T.M. Specifications A-7 and A-9, may be flame-cut 
without other heat treatment. 

2. In flame-cutting most of the low-alloy structural 
grades, such as silicon steel, manganese steel, and nickel 
steel, either pre-heating or post-heating is necessary for 
strained members. 

3. The beneficial effect of mechanically guiding the 
cutting torch is realized by all, but the Committee is not 
yet in entire agreement as to when this method should 
be made obligatory. Its requirement appears to be 
linked up with questions as to whether or not the member 
is to be subjected to major stress, the radius of reentrant 
curves, and the kind of service for which the member is 
intended. 

F. T. LLEwe.tiyn, Chairman 





Committee on Structural Alloys 


SHORTLY AFTER the formation of the Committee on 
Structural Alloys, several meetings were held. It was 
decided that before any definite advanced program was 
developed the Committee ought to make a thorough 
survey of the status of high-strength steels to date, in 
order to present a picture of the lines of development 
that were going on in foreign as well as American prac- 
tice, in attempts to secure suitable high-strength steel 
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for major structures. This survey, developed by varioy; 
members of the Committee, was summarized by 4 repor, 
in PROCEEDINGS for March 1936. 

The result of this work brought out several interestip, 
facts: . 

1. Certain types of steels had been tried and foyy; 
wanting either from the economics of their manufacture 
and fabrication, or because the suggested type was ty 
variable in nature to be considered a standard steel. _ 

2. There was no uniform trend to any particular typ 
of analysis for steels, as produced either in America or » 
foreign countries, and it was apparent that the worl 
over, the steel mills and structural engineers were seeking 
and attempting to secure a high-strength steel of ep. 
nomic first cost and satisfactory physical characteristics 

3. There seemed to be, as far as published literature 
indicated, very little information on the physical char. 
acteristics of these steels other than straight tension o 
bend test data. Knowledge of fatigue, corrosion fatigue 
and impact tests, in fact tests that would permit com. 
plete evaluation of the merits of the various types pr. 
posed, was apparently non-existent. 

In other words, there were various steel types proposed 
and being used, but there were few definite data on the 
value, and no method of testing had been developed that 
would permit comparative evaluation of these steels and 
enable an engineer to judge correctly of their practical 
merit. In fact, there was some indication (except from 
the purely tension-value standpoint) that some high- 
strength steels had shortcomings in physical properties 
that indicated they might be inferior to, or at least nm 
better than, plain carbon structural steel when subjected 
to localized stress conditions; that is, they lacked a 
certain quality of ductility that would permit metal flow 
and relief of highly localized stress concentrations with- 
out impairment of the life of the structure they wer 
used in. At least some of these higher-strength steels 
seemed to lack the fool-proofness of ordinary carbo 
structural steel. 

Realization of these facts led, in our Committe 
meetings, to discussions of steel types and methods «i 
procedure in evaluating their merits. There resulted « 
somewhat general feeling within the Committee 
considerable experimental work would be required & 
ground work if we hoped to find means of assuring Us 
profession that satisfactory types of steel could be pro 
duced, and that such experimental work would have | 
be done before the Committee could make any gener 
recommendations as to steel types for the Society s “or 
sideration. = 

At this stage of the Committee's deliberations, Wo! 
M. Wilson, M. Am. Soc. C.E., of the University © 
Illinois, made available to us the results of a rather & 
tended series of fatigue studies on riveted joints that 
had been conducting for the San Francisco—Caklat 
Bay Bridge Commission in conjunction with sever © 
the steel fabricators. 

The results obtained by Professor Wilson are, 0 ® 
the least, thought-provoking. These test results ©% 
cated that such high-strength steels as the silico-m* 
ganese type now considerably used in major structul™ 
and nickel structural steels, irrespective of the tact 
they possesssed higher tensile properties, were 10¢ better 
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resistance when tested in a testing machine in 

of riveted joints than our plain low-carbon 
| steels—a confirmation of the fact that many 
higher-strength steels may lack that intrinsic 
required to relieve local over-strains. 

or Wilson’s preliminary studies explicitly point 
ecessity of continued investigational work if we 
find a really satisfactory high-strength steel for 
re major structures. Such work cannot, how- 
arried out without funds, and as the Committee 
not in a position to inaugurate such studies, it 
,ain a sort of committee-of-review of work ac- 
nd found complished by others until such time as funds are made 
1ufacture vailable to enable it to proceed with a program of its 
Was to, ; itiation. 
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ROBERT S. JOHNSTON, Chairman 





Committee on Sewage Treatment 
Costs 


fue Committee of the Sanitary Engineering Division 
Sewage Treatment Costs has little progress to report 
part because of the demands on the time of the 
embers by the current PWA program and other ac- 
ities, and in part because of the magnitude of the 
roiect and the variety of factors which enter into the 
yPes pr oroblem. Nevertheless, an effort has been made to 
ietermine the proper scope to be covered by the work of 
the Committee. 
[wo possibilities as to the scope of work have been 
suggested: (1) that the Committee should cover the 
broad field of the economics of sewage disposal, including 
sts of various sewage treatment procedures related to 
mplishments; (2) that the Committee should cover 
the assembling of cost data, and the preparation of 
standardized forms for recording cost data, both con- 
struction and operation. 
[he Committee members favor activities in line with 
the first or broader scope. Accordingly, an outline has 
been prepared indicating some of the factors relating to, 
affecting sewage treatment plant costs. These 
special factors have been grouped under four major 
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divisions, as follows: (1) objectives and extent of sewage 
treatment, (2) sewage quantities and characteristics, 
(3) sewage treatment plant loadings, and (4) cost con- 
siderations. 

The urgency with which many recent sewage disposal 
projects have been developed, and the efforts required to 
meet the various regulations imposed by federal aid have 
precluded as extended consideration as would normally 
be given to the relative merit and comparative costs of 
alternate project possibilities or the fundamental eco- 
nomics of the projects. 

It would seem desirable, during the present period of 
unusual activity in the construction of sewage treatment 
plants, that an effort be made to record in comparable 
form the construction costs for a number of projects in 
various parts of the country. Sufficient data should be 
obtained to establish within reasonable limits the com- 
parative construction costs for various types of plants 
and for various plant elements. Also some standard 
form for reporting operating costs would aid plant opera- 
tors and public officials to report operating costs in a 
form that could be compared with similar data from 
other communities. 

Comments or suggestions that would aid the Com- 
mittee in its work would be heartily welcomed. 


WILLIAM E. STANLEY, Chairman 


R. A. ALLTON GEORGE J. SCHROEPFER 
PAUL HANSEN A. H. WIETERS 





Other Committees 


Reports of the following committees have already ap- 
peared in Crvit ENGINEERING: Committee on Technical 
Aspects of Refuse Disposal (March 1939); Special Com- 
mittee on Hydraulic Research (February 1939). 

Reports of a more technical nature were submitted by 
the Committee on Water Supply Engineering (Sanitary 
Engineering Division); and the Committee on Wind 
Bracing in Steel Buildings. The former was published 
in the March issue of PROCEEDINGS and the latter is being 
prepared for similar presentation in the near future. 
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quir department, designed to contain ingenious suggestions and practical data from engineers both young 
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. ests of Circular W eirs 
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re, t 7 nt use of drop inlet, or ‘“‘morning glory’’ of the upper and lower profiles of the nappe of a vertical 
sults ind pillw has called attention to the need for in- sharp-crested weir, circular in plan. An empirical dis- 
thie 3 irding the proper shape of the inlet below charge formula for a circular weir has also been de- 
tructul . ita useful in this connection have been termined. 

fact t Hed the laboratory of the Iowa Institute of The tests were performed on weirs made of 10-gage 
not better Atal] 


earch by tests to determine the location 





steel plate having a top width of '/s. in. and a bevel on 
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the downstream side at 60 deg with the horizontal. 
Each weir was shaped to form a circular arc having a 
chord length of a IS in., and each had a 
height of about 3.5 ft (Fig. 1). Weirs having radii of 1, 
2, and 3 ft were used and hence subtended central 





DISCHARGE OVER CIRCULAR WEIR OF 3-FT RapbDiIuS 


angles of approximately 97, 44, and 29 deg, respectively. 
Radial side walls extended upstream from the weir a 
distance of three to four times the maximum head used 
and continued downstream to the point of convergence. 
A pyralin side wall was used downstream from the weir 
to permit observation of the nappe from the side. 

Nappe profiles were measured by a combination hook 
and point gage mounted upon a carriage which was 
arranged to slide along a rigid horizontal beam. The 
beam was mounted above the weir so as to allow the 
gage to move in a vertical plane bisecting the arc of the 
weir crest. 

Water was fed to the weir tank from a large constant 
level tank which insured steady flow after stabilization 
at a particular head, and discharge measurements were 
made by weighing. At least two measurements of dis 
charge and head were made on each run to check the 
constancy of flow. The under side of the nappe was 
aerated at all times. On the top side of the nappe, a 
roller built up at high heads causing a tailwater elevation 
greater than that of the crest. This roller formed when 
the head to diameter ratio exceeded 0.20 and caused a re- 
duction in discharge. 

The horizontal and vertical coordinates of the nappe, 
referred to the crest as the origin, were expressed in terms 
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Fic. 1. PLAN oF CIRCULAR WEIR APPARATUS; 
WEIR INSTALLED 
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Fic. 2. SHAPE OF NAPPE FOR VARIOUS VALUES or /J/)D 
Origin of Coordinates Is the Weir Crest 


of the head on the weir. 


identical for runs having the same ratio of head t 


diameter of weir arc, ///D, except in those runs in which 


the head was so low that the nappe adhered to the crest 


Figure 2 shows upper and lower nappe profiles in terms 
of x/H and y/I// for various values of /7/D in the rang 


covered by the experiments. 


The coordinates of the high point of the lower nappe 


were found to be: 
x/H = 0.26 — 040 H/D.. 
y/H = 0.11 — 0.20 A/D. 2 


A logarithmic plot of discharge against head show 


that nearly all the discharge measurements on the weirs 


could be represented by the equation, 
Q = 3.28 LH*?.. 


in which ( is the rate of discharge in cubic feet per sec 
L, the crest length in feet; and //, the head on the crest 
in feet. For a full circle of crest length, 7D, Eq. 3 © 
comes, 


Q = 103 DH*?..... 


in which D is the diameter of the circle in feet 

Equation 3 gives results which agree with th 
perimental values within 1 per cent or less for val 
of I/D between 0.08 and 0.20. Larger errors than | pe 
cent were found either side of this range, these em" 
being positive for lesser values of J7/D and negativé 
larger values. 


Py 


Nappe profiles plotted in terms of 
these dimensionless coordinates proved to be practically 
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alysis of indeterminate structures is tedious 
' For any given problem the engineer who 
with several methods of analysis may choose 
.at will afford a complete and accurate solution 
, inimum of computation, but if he must make 
‘adependent check by another procedure he normally 
t to be less expeditious, and it frequently happens 
checking one or two values requires as much time 
, the original analysis. For structures that 
mmetrical, a very useful procedure, the essence of 
chich lies in the substitution of symmetric and anti- 
mmetric loadings for any given system, was developed 
Germany about twenty years ago (W. L. Andrée, 
B UL’ Verfahren, R. Oldenbourg, Miinchen and 
It has been extended and is used by 


L 





19). 
ronautical engineers there and in this country, and is 
ented in brief here to call attention to its merits in 
analysis or checking of symmetrical structures. 
ra structure having loads symmetrically disposed 
ut a plane of structural symmetry, it may be shown 
that plane: 
fhe force components parallel to the plane 
se producing shear on a section taken through the 


\ we of symmetry—are zero. 
\\ 2. The slope of the tangent to the elastic curve at 
\a\ plane of symmetry is independent of the magnitudes 
\e the applied loads. 
‘ fhe component of the deflection perpendicular to 
ae plane of symmetry is zero. 
. Furthermore, the reactions on such a structure must 
H with the following conditions: 
Components parallel with the plane of symmetry 
must be equal in magnitude and act in the same direc- 
| terms 0! , 
-actical Components normal to the plane of symmetry 
head t be equal in magnitude, but act in opposite direc- 
in whi 2. : 
iow event Moments serving to fix the slope of the structure 
t terms t the supports must be equal in magnitude but of the 
no vane pposite hand / 
n the case of symmetrical structures having loads 
os we t are anti-symmetrically disposed, the forces having 
mponents acting toward the plane of symmetry on one 
have counterparts which act away from that plane 
the other; those having upward acting components 
ne side have downward acting counterparts on the 
ther, and soon. Anti-symmetrical moments rotate in 
1 showe the same manner on each side of the plane of symmetry 
the weirs so that one tending to produce compression on the top 
ver Of a section on one side of that plane will have its 
iuterpart producing tension on the top fiber of the 
corresponding section to the other side of the plane. 
r st “hee! brevity, the plane of structural symmetry under 
the idings of this sort will be designated as the plane of 
Eq. 3b ilt-symmetry."’ It may be shown that the following 
n exist on that plane: 
(he components of forces acting perpendicular 
sechon through the plane of anti-symmetry are 
his is the only condition compatible with the 
_ kistence impression on one side of the plane and 
a ve ¥ ao other.) . 
han 1D E. ignitude of the bending moment acting on 
ae ietrical plane is zero. 
aie mponent of the deflection, measured 


plane of anti-symmetry from a line joining 
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Symmetric and Anti-Symmetric Loadings 


By Joseru S. NEweELt, 


(GUGGENHEIM AERONAUTICS LABORATORY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, Mass. 


the ends of the structural element through which that 
plane passes, is zero. 

Reactions on a structure under an anti-symmetrical 
loading must comply with the following conditions: 

10. Components parallel to the plane of anti-sym 
metry must be equal in magnitude, but act in opposite 
directions. 

11. Components perpendicular to the plane of anti 
symmetry must be of equal magnitude and act in the 
same direction. 

12. Moments tending to fix the slope of the structure 
at points of support must be equal in magnitude and 
act in the same direction, viz., both clockwise or both 
counter-clockwise. 

With the aid of these 12 conditions, most of which are 
self-evident, the equations of statics and the moment- 
area theorems, Castigliano’s theorem, or similar stand- 
ard methods, it is possible to analyze many structures 
with a minimum of numerical labor. For example, the 


simple bent shown in Fig. 1 (a) may be considered re- 











placed by the symmetrically loaded frame of Fig. | (0), 
and the anti-symmetrically loaded bent of Fig. 1 (c). 
Assuming the loads of Fig. 1 (6) to act along the axis 
of the girder bd, and neglecting such bending as may be 
developed in the columns ab and de by the axial shorten- 
ing of the girder, it is obvious that none of the members 
of this bent carry bending moments under the sym- 
metrical load condition. Dividing the structure along 
the plane of symmetry and representing the forces on 
each half, as in Fig. 2 (a), WM, is zero because the loads 
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produce no bending, |, is zero by the first of the condi 
tions listed above, and the other quantities follow from 
the equations of statics. 

Dividing the structure along the plane of anti-sym- 
metry, and indicating the forces acting upon each half, 
as in Fig. 2 (6), MW, and //, are zero by Conditions 7 and 
8, H, and H, are each equal to 1,000 if =/7 = O on 
each part, and the values of V,, V., and lV, are obtainable 
from the equations of statics. All components of the 
reactions necessary to the solution of this simple bent 
are thus determined without recourse to any of the 
methods normally employed in the solution of indeter- 
minate structures, and with a minimum of arithmetic. 

Had the load been applied so that bending was pro- 
duced in the members, and had the columns been “‘fixed’”’ 
at the supports, as in the case of the bent shown in 
Fig. 3 (a), the solution would not have been so short. 
Figures 3 (b) and 3 (c) indicate the symmetric and anti 
symmetric load systems which, when superposed, would 








250 


cause the same stresses in the members as the original 
system under the same conditions. To determine the 
moments and supporting forces on this bent we may 
proceed as follows: 

Isolating the part of the structure to the left of the 
plane of symmetry in Fig. 3 (6), and indicating the forces 
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acting on it, we obtain Fig. 4 (a). Each of these forces 
produces bending in one or more of the members and 
the resulting M/J curves are indicated in Fig. 4 (0), 
with a positive sign if the moment is such as to cause 
point ¢ to deflect upward. VV, = O by Condition 1, 
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the bent. By Condition 2, there is no change in slope 
at ¢ due to the application of the load, and there is none 
at a because the support is built in. Since the change 
in slope between the tangents at a and ¢ is zero, the 
sum of the areas under the //J curves between a and c 


must, by the moment-area theorems, be zero. Then 
30 H, M, 40M. 20 X 400 | 
30 (5 x2t a) ic eee Oy ecconens 1] 


By Condition 3, the horizontal component of the de- 
flection of point c, from the tangent to the elastic curve 
at a, is zero, so, 


(2k 2) (24%) + (BNC) 
‘& x40 (10 42 


From Eqs. 1 and 2, M, = —2,667 and H, = 650. 

By isolating the left half of the bent carrying the anti- 
symmetric load, Fig. 3 (c), and indicating the forces and 
moments acting on it, Fig. 5 (a) is obtained) MM, and 
H,. are zero by Conditions 7 and 8, and the vertical 
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deflection of point c from a line through 6 and d is zero 
by Condition 9. The latter relation suffices for the 
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determination of V, since the slope at 5, assumi 
abc remains a right angle, is 
’ —400 X 20 , 30 K 40 V, 
fn, = = 400 X20 , 30 x 40 
2 50 
Were there no bending in bd, point ¢ would d 
£6, below the line bd. For the deflection of p 
be zero, the deflection of c from the tangent to the elasti, 
curve at 6 must equal —40£8,, so 
7 (- 400 X 20 | 30 X 40 vs) .*« 
2 50 


V., from Eq. 3, is 158, and by the equations of static: 
H, = 1,000, V, = 158, and M, = 13,680 for the ant 
symmetric load. For the original structure, |’, = 15 
H, = 1,350, and M, = 16,850. With these know) 
the right reactions are determinable by simple static: 

For the third example consider the two-story bent 
Fig. 6 (a). A solution of this structure, made by th, 
slope-deflection method, is presented in Article 35 9) 
Fife and Wilbur’s Theory of Statically Indetermingy 
Structures. The solution, with relatively few explana 
tory remarks, covers some 5'/» pages of that text, gives 
the moments adjacent to the panel points but does no 
include the computations involved in obtaining 
axial loads and shear forces on each member. 
check Fife and Wilbur’s results we separate the give 
loads into a symmetrical system, Fig. 6 (6), and an ant 
symmetric system, Fig. 6 (c). 

Since the loads are applied to produce no bending 
the members of the symmetric system, //, = Hy = 5 
H, = Hy = 12.5, and M,, M,, Hy, Hy, Vo, and V, ar 
zero by the equations of statics or by the fact that th 
members are not subjected to bending. The loads 
acting in each member of the structure of Fig. 6 ()) ar 
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determined by inspection as 50 units compression 
cd, 12.5 in be, and zero in each of the columns. 
Applying 2H = 0 to each half of the anti-symmetnc 
Fig. 6 (c), H, and H, are obviously each 62.5. Dealing 
with the structure as a whole, not cut along the plane 
of anti-symmetry, and taking moments about 4, 10 * 
40 + 25 X 20 — 25 V; = 0, whence V,= 180. Then !. = 
—180, and on the part of the structure to the left 
the plane of anti-symmetry, V, + V, — [SU =) > 
we are faced with one equation and two unknowns, ¥™ 
a structure which is indeterminate to the first degre 
Although there is no point at which the slope 0!“ 
member is known or readily determined, it is © ™ 
observed that for small deflections, poimt ¢ ™'” 
downward a certain amount, and point d upward ay 
same amount, the difference due to the change 1" "5" 
of cd being neglected. Then point g which, by (o!"" 
tion 9, lies on a straight line connecting « und d, doe 
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vertically. By the same reasoning, point 
iber be suffers no vertical deflection. Since 
established a relation between V, and V,, we 
Castigliano’s theorem to obtain one or the 
| complete the solution of the problem. The 
f elasticity of the material in all members 
same, E times the work due to bending in 
f the structure to the left of the plane of anti- 


1S 


V,x)*dx 
2 X< 750 


2.5 x ‘ a 10( — V,x)*dx 
a ) "oe ] a +f, 2X 500 


2 X 403.3 


rhe bending in column ab is omitted because it may be 
written independently of V, or V4.) 

Substituting 180 — V, for V, in the preceding ex- 
oression, differentiating with respect to V,, setting the 
jerivative equal to the deflection at the point where the 
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force V, is applied—zero since point g does not deflect 
parallel to that force—and solving for V,, establishes 
the magnitude of V, as 74.2. Then V, = 105.8 and 
the shears, axial loads, and bending moments in the 
various members may be determined by the equations of 
statics. It will be found that they agree with the 
values shown in Fig. 76 of Fife and Wilbur’s book, and 
it may be demonstrated that the determination of V, 
and the evaluation of the various shears and moments 
requires only about one page of computation, so that a 
complete check of what appears to be a complicated 
problem may be had, in this case, with a relatively small 
expenditure of time. 

It is admitted that the examples used here have been 
chosen because of their simplicity and their value in 
demonstrating the steps to be followed in solving in- 
determinate structures by the method under discussion. 
Not all structures can be analyzed so readily, but the 
engineer who experiments with, and masters, the method 
will have one more tool to assist him in analyzing or 
checking symmetrical structures 











Our Readers Say— 
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Economic Factors of Hydro 
Plant Design 


lo rue Eprror: Mr. Gerdes’ paper particularly interested the 
writer, who in the past has gathered and attempted to analyze hydro 
ost data. Also some years ago the National Electric Light 
\ssociation gathered and analyzed much similar data, but its com- 
tee was unable to determine a mathematical expression for plant 
tat given head. Only very general conclusions on cost range 
ibe reached. Incidentally, a few very low head plants showed 
ong the lowest unit costs—a fact exactly contrary to Mr. 
Gerdes’ trend curve and formulas. 

I have been intrigued by the mathematical expressions for hydro 
plant cost and have studied their possible useful application. Asa 
result | am firmly convinced that any attempt to utilize such ex- 
pressions or curves for estimating purposes or as measures of rea- 

nable cost of existing hydro plants is both dangerous and mis- 

ding. This opinion does not apply to equipment cost curves 
which, with allowance for market conditions, may be quite useful 
iking rough reconnaissance estimates. 

Hydroelectric plants are custom made. Each is designed and 

ted to suit a particular site with varying flow and load 

ms, topography, and geology. Even with identical in- 
ipacities at two given sites these different conditions men- 

| would require materially different designs and construction 
\lso costs of labor, material, and transportation vary 

wit ition and time of building. Plant capacity will affect unit 
watt cost. In general large plants with a few large units will 
wer unit cost than small plants with a number of small units. 
ictors have such great and varying importance that any 
lerive mathematical formulas for hydro plant cost 
bortive. Although these numerous variables neces- 
rily aft the cost, Mr. Gerdes in his studies recognizes only 


tat it ‘For hydroelectric power plants the appropriate 
hich to measure both design and construction efficiency in 
ppears to be the installed capacity in kilowatts, and 
unit has been used for the general comparisons of 
other words, the “‘unit kilowatt cost.” 
sw e, any plant of low unit cost would be considered 
tly designed, or executed, or both. How could one 
simple rule? Conceivably, a low construction 


cost (not necessarily efficient) might obscure a very wasteful design. 
Low unit cost can never be a measure of efficiency of design. Some- 
times a costly design is required and sometimes a cheap one. The 
owner’s only assurance of efficient design is to engage engineers 
with a record of proved ability and successful achievement. 

Likewise in investigating efficiency in design of existing plants, a 
practicable method would be to employ a competent ‘board of engi- 
neers who would have practically to duplicate the work of the 
original designers, as of the date constructed. 

Low unit kilowatt cost is, moreover, not an index of efficient con- 
struction as more than a score of inherent variables, which space 
does not allow enumerating here, enter into construction costs. 
Here also the owner’s best assurance is to engage a construction 
organization of successful specialization in power plants. With all 
these variables, simple formulas such as 227/ ~/ H or 184/W H 
provide no short cut in determination of efficiency of design or 
construction. 

The plants studied are widely scattered throughout the country 
with differing cost conditions. They were built from 1918 to 1938, 
during which period the Engineering News-Record cost index varied 
by 60 per cent. 

For future units Mr. Gerdes allocated out a part of reported 
costs. To estimate with any degree of accuracy the ultimate unit 
cost, one must estimate the cost of future units at the time of con- 
struction, add this result to the licensee’s reported figure, and 
divide by the ultimate capacity. The work involved in properly 
making such an estimate on the plants studied would be tremen- 
dous. However, without doing it his estimated unit costs mean 
nothing. 

Jor. D. Justin, M. Am. Soc. C.E. 
Consulting Engineer 


Philadelphia, Pa. 


To tHe Eprror: I read Mr. Gerdes’ paper with considerable 
interest, especially since I have been connected with the design and 
construction of a number of the stations he includes in his analysis. 
Mr. Gerdes’ comparisons have been limited to the power plant sta- 
tion section only, and such a limited study omits many of the con- 
trolling elements of true economy of design and construction. The 
most economical complete development of water power sites should 
be basic with all hydraulic engineers and constructors. However, 
they must consider not only the construction cost of the total de- 
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$ \ 
velopment, but also the annual operating cost per unit of useful out- comparable feature of a hydro plant and yet cannot }, Proper 
put of capacity and energy, giving proper weight toeach. Acon- compared without a full knowledge of all the data regard ng then 
sideration of only the power station section is bound to give a dis- _it must be evident that other features of hydro plants, {he deta? 
torted picture, as it is impossible to properly weight the costs and of which are largely controlled by natural conditions thay a 
quantities in such a limited portion of the total development. greatly, cannot be properly compared. Space does not permit 
In the comparison of quantity of concrete per kilowatt, I would __ recitation of the reasons why a simple comparison cannot be mot 
particularly call attention to the effect of the site on two of the One should have more than a “feeling” that work carried »» 
plants, namely Bagnell and Conowingo. Mr. Gerdes compares by others neglected the fundamental factors of economic deci» st 
these without any adjustment for variations in site; whereas at If there has been such neglect, an experienced designer should “a 
Bagnell the natural rock-foundation level was approximately at the __ little difficulty in pointing out specific instances. It, furthermor, 
level of the bottom of the draft tubes, and at Conowingo the bot- seems improper to make cost comparisons without bringing F 
tom of the draft tubes was about 30 ft below the natural rock- costs to the same index. Costs of construction and equipmen; hay ; 
foundation level. At Bagnell, the mass concrete under the intake varied tremendously during the past twenty-five years and «, 
section extends down approximately to the bottom of the draft times during a single year of this period. The cost of building m, 
tubes, whereas at Conowingo the bottom of the intake-section con- terials and labor is also known to have been variable in differer 
crete is about 20 ft above the bottom of the draft tubes. Under parts of the country. The paper seems critical of the great ya, ' 
such conditions, a comparison of the quantity of concrete in these tion in cost of hydro plants but offers nothing constructive , 
two plants without adjusting for the site differences would obvi- show how this could be otherwise 
ously be worthless as tending to show a trend in quantity per W. F. Umi, M. Am. Sa Cy 
kilowatt. Undoubtedly a complete study of other plants included Boston, Mass ) 
in the analysis would show that the site has more influence on the . 
quantity of concrete required than the features within the control : 
of the designer . 
Mr. Gerdes’ comparison of the unit cost of stations per cubic foot ‘| 4 Li innminn R ee ; 
of superstructure has been made without adjusting the costs for C osure of Iscussion on etaining ist 
major differences in design and site conditions which are controlling Wall Foot ings “abe 
elements in the economics of the various sites. For instance, at ™ ~ 
the Rock Island development on the Columbia River, tailwater To THE Eprror: The February 1939 issue of Civic Encryerrry 2 
level resulting from a major flood is 30 ft above the generator-room contains a discussion by Prof. Roe L. Stevens on the design of ; n 
floor, and the walls of the power station must be designed to with- taining wall footings, in comment on my article in the Novembe, nt 
stand the resultant pressure. At many other stations the maxi 1938 number, which pointed out the danger of the excessive | ; 
mum tailwater level is below the level of the generator-room floor, stresses that may exist under a wall shaft. A 
and the station walls required only the normal light type of con- The vital assumption in Professor Stevens’ discussion is that ten 
struction. Also, the Conowingo Station superstructure is designed sion exists in reinforcement embedded in the concrete which js ir ‘ 
to support the high tension switching station and the transmission compression, and at the plane of contraflexure under the wall shaft 
get-away structure on the roof, whereas at Safe Harbor and many _ But this is a pure assumption, and is proved here to be a fallacy 7 
of the other plants the substation is on the bank adjacent to the He bases his discussion on the surprising statement that compres 
power station. It should be evident that a comparison of these sion exists around the tensile reinforcement at the plane of contra , 
superstructure costs that does not make adjustment for such differ- flexure, but he gives no hint of what force can cause this compres \ 
ences would be worthless for purposes of a study of design efficiency. sion. No explanation is made of how large compressive stress 
In hydroelectric as in other types of engineering, comparisons of exist around the tension reinforcement at, and immediately adjacent aul 
parts or of individual items without proper consideration of all the to, the plane of contraflexure, and not also extend some distan 
on the tension side. ( 


elements of control will appear to indicate errors of judgment and 
economy, whereas full comparisons with all the controlling ele- 
ments properly considered may show the designs to be logical and 
efficient. I am of the opinion that partial comparisons of hydro- 
electric projects such as those made by Mr. Gerdes are difficult to 
properly weight for all the varying conditions at various sites and are 
generally very misleading 
G. R. STRANDBERG, M. Am. Soc. C.E 
Boston, Mas 





lo THE Eprror: The paper, ““Hydro Power Plant Space and 
Cost Trends,” by H. G. Gerdes, in the January issue of Crvi 
ENGINEERING, is an interesting attempt to make cost comparisons 
between various structures without being in possession of the 
necessary detailed information on which such comparisons must 
be based to be of any value. Mr. Gerdes states in his opening 
paragraph that his study was made to obtain more accurate cost 
data for “estimating” and later from a “‘feeling’’ that the more 
fundamental factors governing the economics of power plant de 
sign are too little considered. 

It is difficult to see how the data he has submitted would help 
anyone in the preparation of an estimate, unless he wishes to leave 
the impression that it would be safe to use the formulas given in 
Figs. 1 and 4 of his paper. These formulas are certainly not based 
on any very definite trend lines. The trend of these lines is any- 
thing but definite. Any engineer experienced in hydroelectric plant 
design knows how dangerous it is to make casual comparisons where 
conditions are never twice alike. It might be thought that such 
apparently standardized equipment as water-wheel-type vertical 
generators should follow a definite trend line, but Fig. 3 (6) shows 
that this is not the case. Anyone experienced in such matters 
realizes the tremendous difference in cost of generators such mat- 
ters as voltage, fly-wheel effect, direct connected or separately 


driven exciters, etc., make. Since generators are the most nearly 


Such conditions would mean tensile and compressive stresses 
existing together along both the top and bottom of the footing 
simultaneously, since the conditions are the same there on alternat 
sides of the plane of contraflexure. If tension in the reinforcement 
can pass the plane of contraflexure at the bottom of the footing 
it must logically be assumed to do so simultaneously at the toy 
a like amount. But this would eliminate the effectiveness of 
short cantilevers under the shaft, which balance the heel and to 
moments. The discussion is based on the assumption that 





numerically equal to the total compression there in the con 
around the reinforcement. All this leads to a jumble of opposing 
stresses, and no explanation of how they could come into existe 
is suggested. 

No compression exists in the concrete except that resulting fro: 
moment. Adjacent to the plane of contraflexure the compres 
is small and equal to the tension in the reinforcement on the 
posite side of the beam. Yet tension in the reinforcement on \ 
compression side is assumed to be relatively large. How, then, 
tension exist in the reinforcement on the compression side W! 
there is no other force to balance it or to cause excess compress 
around the reinforcement, as assumed? If compression were © 
sumed to exist on the opposite side of the beam to balance ' 
tension, it would be equivalent to assuming a resisting couple ac" 
in the opposite direction to the regular resisting moment, and (0 
fore neutralizing it. 

Professor Stevens inaptly uses the familiar test for bond . 
trate the conditions at a plane of contraflexure. In a bone ' 
the compression and shear around the bar embedded the 
crete block are induced by an external force acting in the opp” 


direction to the tension in the bar. No such opposing a 
mitrafiexur 


on a footing to cause compression at the plane of c Wart 

at any other transverse plane. The external forces ing gale Le 

footing are at right angles to the reinforcement, exc pt the = tair 
in the [00 9 


pressure at the rear, which is transmitted by shear 
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Proper der it. Also, the toe and heel segments of the footing It is not necessary to rely on drafting instruments to obtain the 
ng ther haft rotate about the centers of moment in the same moments in a frame from the use of the fixed point theory. This 
1e deta the stresses in the reinforcement. This leaves no pos- method can easily be used to plot the fixed points and the moments 
hat var ict against tension in the reinforcement on the com- by free hand and, by using the figures obtained as a guide, for 
permit or to produce around it compression in excess of that simple arithmetical computations, as has been shown here. 
be ma nt. This nullifies the vital assumption of Professor The left fixed point distance (Fig. 1) is determined by 
ried ission l 
desig Harry E. Eckies, M. Am. Soc. C.E a = “1 a | 
muld hay Assistant Highway Engineer, 3q, + e%; 
her State Division of Highways - 
males 7 ; where ¢, is the deflection angle of beam (1) at support A for a mo- 
hig 
° a ie , L 2.5 
rent | - ment m = 1, applied in support B. We know that ¢ = - = 2 =o, 
nd sor 6EI 2EI 
lane « " ‘ y at< and e*, is the deflection angle of support A for a mome ity 
ding ma Recent Salary Data e g f supy t A for a moment of unity 
differe: . applied at this support. For this special case, where the support 
at var prroR: In connection with the report of the Commit- 
uctiv Sa s, on page 111 of the February issue of Crvm ENGr- A 1 000 Lb per Ft B 2) Cc 
following facts and figures may be of interest to our ’ 7 i T Ly oY 
Sox c a) < b, | 
analysis of authentic information recently secured has just > - L,=75— 1 — L,-60 - 
mpleted as to the actual salaries paid during the year 1938 1 + 
. P . ° = " 
74] engineers distributed through practically every state in 3 D 
n. and doing fairly comparable work in all grades from _|p _le | 
. , . ; . ' Ml 
vt ional classes to positions with the title of chief engineer 77, 
0 . . . 
Ing nly one group, aggregating only slightly over 400 men (includ- ons 
ose from the subprofessional classes to the chief), were sala- 
nsistently higher than the ones suggested in the report. ; , =< 
sy . es : ' consists of only one member, it is known that e*, = (43, where 
INEER vw the 24,000, the total number of men who had received more a4 A . : 
ew oe s ; eer : t*, is the deflection angle in support A for column (3) for a moment 
ign of » $3.840, and who by any stretch of the imagination might be; “ . - - 4 = 
: ce Ne ag eee : -: in A of M = 1. For this case, with full restraint at D,t*; = h;/4EI 
Joven d by budget officials as having been overpaid (looking = a oil A ; : ; 
; : HS = 4.5/4 EI. * Therefore the left fixed point distance is computed 
sive at rates printed but ignoring the explanatory notes in the an hee ats 
aw - by the use of Eq. 1 to be a, = 25/13 = 1.923 ft 
t). was less than 2.7 per cent. On the other hand, over 15,000 ” ‘The risht fixed oolat ‘Wiles : 
- . . e Ti 1xec OINt distance 1 
that r practically 65 per cent, were definitely underpaid on the 8 I , 6s 
hich the suggested scale of compensation. Le, 
° ° . . ° . ° = . {9 
vall s! graphical distribution of the areas in which the relatively h = oe . (2) 
a falla gineers are located who might conceivably be considered to i. 
co n overpaid, included the whole United States, with sur- where e”, is the deflection angle of support B for a moment, M = 1, 
if ng uniformity from Canada to Mexico and the Gulf and from applied at this support. For this special case, where the support 
co \tlantic to the Pacific. Consequently, it would be found im is composed of two members, we get e’; =/%s-4, where ¢”,-, is the 
stre le to create geographical areas with salary differentials which deflection angle in support B for members (2) and (4) for a moment, 
y adja give rates more closely approaching the ideal than do those vee : | 
lit eee M = 1, applied in support B. It is known that ¢”,_, = ~ 
Ni i Committee's report. | 14, 1 I t®, 
Correlation studies between the areas in which the engineers = with #®, = Le/3EI = 2/EI and t®, = h,/4EI = 4.5/4EI. Hence 
: ute the «./ per cent reside and the latest cost-of-living /8, , —18/25EJ. Therefore the right fixed point distance is com- 
ie 4 , gain fail to show possibilities of improvement by use of puted by the use of Eq. 2 to be ); = 625/298 = 2.097 ft. 
al ntial factor for that characteristic. - As soon as we know the fixed points, the moments are plotted as 
for ird line of investigation had reference to the use of a sliding shown in Fig. 2 Simple calculations will give 
e for f compensation rates, on the basis of a ratio between the 
the f Grades I and III for example. Such a scale would ob- wl 1,000 X 7.5 25 2 BOR TT 
‘ ° . Ye = a= - = »,0U0 . 
ess ly have to be promulgated on a more or less arbitrary basis, = j { 13 
la proportionality to community or sectional wealth, and the 
tha ling rates of pay” therein \ wh i 1,000 X 7.5 625 3,932.47 
. " ° . “ », = j= = HOYOS 4 
afl Committee is continuing these correlation studies and is . é 4 298 
leavoring to secure authentic salary data with reference to ; ; 
opt idditional engineers. Informed discussions or comments rhe increase in the moment from R to B will easily be found to be 
: ‘ Petes : - 298 7H yO 7/2 ” ain R@ « ’ weemee < . . 
) exi wt are solicited, for transmitting direct to the Com- 926-“ 2.097/3.480 = 196.8, and the decrease in the moment 
ies oo =r" “ L,=75 - 
ting E. P. Goopricn, M. Am. Soc. C.E. lian 
pres . . . . . . \. 2 3 2 
mp! Chairman, Committee on Salaries a= 1.923-+ 480 of be 0r-=) 
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nt 
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side W . 
a" Closure of Discussi Fixed-Point 
mpress . € ISCUSSION on ixea-F om 
1 wer Tl ere 
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ipl . . 
R: I have read with great interest the letter by , 
on Stew from L to A is 326.7 K 1.923/3.480 = 180.5. Hence, the moments 


i the February issue, pertaining to my article on 
‘ixed Point Theory for Continuous Beams with Elastic 
ind have noted his statements that the use of drafting 
iy lead to inaccuracy, that it tires the computer, 

Mat it me-consuming. 
ilso stated that my values were incorrect by varying 
I per cent, and that the method presented by Mr. 
in automatic check against errors. After careful 
values, I am inclined to believe that the results 
»tewart are incorrect by varying amounts up to 





become M4 = 3,605.77 — 180.50 = 3,425.27 and M® 
3,932.47 + 196.80 = 4,129.27. 
It will be noted that in this solution no approximations have been 
1ade, that the method has a general application, and that any 
desired degree of accuracy can be obtained 
Opp ALBERT, Assoc. M. Am. Soc. C.E 
Assistant Professor of Structural 
Engineering, Newark College of 
Engineering 
Newark, N.J 
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Density Currents in Reservoirs 
and Lakes 

Dear Str: Civit ENGINEERING for January (pages 36 and 37) 


contains an excellent description of density currents in a reservoir, 
by Jack L. Hough. Mr. Hough has pointed out that the denser in- 
flowing water did not disappear beneath the surface until it had 
traveled some little distance in each arm of the reservoir. While 
there are probably other contributing factors, the writer believes 
that the principal reason for this is because the inflowing water was 
turbulent, whereas the flow through the reservoir was normally 
laminar flow. Eddies thrown off from the sides and bottom of the 
channel would travel to the surface, creating an upward current, 
which would be balanced by an equal downward current of the 
surface water, thus providing complete mixing for such distance 
from the entrance of the reservoir as would be required to eliminate 
turbulence from the inflow. Thereafter the flow of both the turbid 
and reservoir water would be laminar, mixing would cease, and the 
denser water would settle to and remain at the bottom. The 
writer has once or twice observed a similar condition, and has also 
observed the opposite condition of warm, turbulent water flowing 
into still, colder water and riding for a considerable distance at, and 
a little above, the surface of the latter. 

Some geologist with naive indefiniteness has defined a lake reach 
in a river as ‘‘an enlarged portion of a river channel.’’ This sug- 
gests a definition of a lake reach in a river channel which has not, so 
far as the writer is aware, hitherto been given, and which provides a 
fairly definite basis of demarcation between lake and river reaches. 
A lake may be described as a body of water in which the flow is pre- 
This applies both to lakes in river channels 
and to other lakes. In river reaches, on the contrary, the flow is 
predominantly turbulent. This distinction in type of flow as be- 
tween lake and river reaches is the basis of significant differences in 
both the hydraulics and hydrology of lakes and rivers. It accounts 
for the possibility of the existence of density currents in the former, 
as well as for the fact that thermal stratification commonly exists in 
lakes and is absent in rivers. 

Ropert E. Horton, M. Am. Soc. C.E. 
Consulting Engineer 


dominately laminar. 


Voorheesville, N.Y. 





Data on Rainfall for the Larger 
Drainage Areas 


Dear Srr: Under the title, “The Maximum Probable Flood and 
Its Relation to Spillway Capacity,’’ Messrs. S. M. Bailey and G 
R. Schneider have presented, in the January issue, information con- 
cerning probable maximum rainfalls which, in form, is of great 
convenience to engineers concerned with the design of spillways 
However, there may be material deviations from correct values 
for some localities 

Attention is directed herewith to some facts which may lead to 
considerable modification of the figures and location of the iso- 
hyetals of maximum probable rainfall for the larger drainage areas, 
as shown on maps (c) and (d) of the authors’ Fig. 1. These modi- 
fications could, and probably will, result from a different method 
of treating the basic data as illustrated by Fig. 1 herewith. This 
map was prepared by dividing the eastern half of the United 
States into 50-mile squares and then noting in each square the 
number of times that the “‘square’’ had been inside of, or touched 
by, the 6-in. isohyetal of a great storm as defined by the engineers 
of the Miami Conservancy District and mapped in Part V of their 
Technical Reports Lines of equal frequency were then drawn 
to include those squares which showed exactly, or more than, the 
number of occurrences represented by the line. This map includes 
not only all the data given in the 1936 edition of Part V, but also 
that for the great storms of 1936 and 1937. 

There appears to be a very marked regional variation in fre 
quency of great storms; and if the map is compared with the pro- 
file of intensities of great storms along a line midway between the 
Appalachians and the Atlantic Coast (see page 1297 of the Pro- 
CEEDINGS of the Society for June 1938), it also appears that the 
frequency may be related to the intensity, and if this is true then 
maps (c) and (d) by Messrs. Bailey and Schneider do not even ap- 
proximate the correct picture. 
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The most striking fact developed by this map is t} CXistenge 


of an area approximately 200 miles wide along the western slopes 
of the Appalachians, extending northeasterly from th northern 
border of Alabama, in which, with the exception of a smal - 
in West Virginia, no “great storm” has occurred since :ecords be. 


gan in 1892. The West Virginia area was covered by 
which just reached the required dimensions for a g: 
Based on a frequency map of this type, it would requ 
stretch of the imagination to even say that a maximum rainfa)) ¥ 
9 in. in two days (50 per cent more than the Miami standard 
which calls for 6 in. in three days) is the probable maximum for a 
drainage area of 50? or 2,500 sq miles in eastern Kentucky, whereas 
interpolation of Messrs. Bailey and Schneider’s maps would jpj. 
figures on the order of 13 in. Attention is directed to this area }. 
cause it is a region in which many flood control and power dams 
may be built in the future and, therefore, is of particular interes 
as over-generalization may, in some cases, lead to the initigti, 
of much needless expenditure. ' 

Maps (a) and (6) probably are approximately correct, becays 
there are records of several storms of the cloudburst type in ti: 


one Storm 
at Storm 
Te Quite g 


RELATIVE FREQUENCY OF GREAT STORMS IN EASTERN 
UNITED STATES 
Total Number of Great Storms Recorded Since 1892 Is Shown by 
Dash Lines Passing Through Areas of Equal Frequency. No 
Great Storms Have Occurred in Shaded Areas. (A “Great 
Storm’”’ Shows a Total of 6 In. of Rainfall at Five U.S. 
Weather Bureau Stations) 


Fro. 1. 


Appalachian region, which approach the values shown. It may 


be that the shape and spacing of isohyetals as developed for rit 
falls on small areas were permitted to influence the shape and spac 
ing for the larger areas, producing a pattern that is materially 
different from that of the accompanying map. 

The entire subject of maximum rainfall is being intensive) 
studied by the U. S. Weather Bureau (see article on “Progress ® 
Weather Forecasting” in the October issue of Electrical Engue” 
ing), and it is to be hoped that their findings will ultimately bet e 
sented in a convenient form similar to that used by Messrs. 53" 
and Schneider, also that data giving actual figures for tot " 
runoff from maximum storms on smaller drainage areas  ™ 
included. 





Iood 


Ropert F. Ewaxp, M. Am. Sec. \+ 
Hydraulic Engineer, Aluminum O* 

pany of America 
Pittsburgh, Pa. 
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== ——Sp ing Meeting in Chattanooga, Tenn. 


mall ar Hotel Patten to Be Headquarters, April 19-22, 1939 








ords . . an 
a Program of Meetings, Entertainment, and Trips 
it Storm 
qu = — 
rainfall 
standard 
num f : : ‘ = 
= Opening Session and General Meeting 
would infey 
NS area he 
ower dan WEDNESDAY—Apri 19, 1939— Morning WEDNESDAY—April 19, 19539—Afternoon 
ar int 
initia 9-00 Registration 1:40 Flood Control of Mississippi River 
4-45 Spring Meeting called to order by Bric. Gen. Hariey B. Fercuson, M. Am. Soc. C.E., 
ng . G. WarreEN, M. Am. Soc. C.E., President, Ten- President, Mississippi River Commission, and Division 
” Valley Section, Am. Soc. C.E.; Project Engineer, Engineer, Lower Mississippi River Valley Division, Vicks- 
ads mauga Dam, TVA, Chattanooga, Tenn. burg, Miss. 
4 Invocation 
y > [HORNE SPARKMAN, Rector of St. Paul’s Church, 2:30 Discussion opened by 
bof’ i obheneniiael Tes , : : 2 
Vil? Chattanooga, Tenn. W. E. Evam, M. Am. Soc. C.E., Assistant Engineer 
¥ “9 Addresses of Welcome Mississippi Levee Board, Greenville, Miss. 
 . EXCELLENCY PRENTICE COOPER, Governor of the GERARD H. Matrues, M. Am. Soc. C.E., Principal Engi- 
i" oe Tennessee, Nashville, Tenn. neer, Office of President, Mississippi River Commission, 


; Honor E. D. Bass, Mayor of Chattanooga Vicksburg, Miss. 
Response 
, : a ee 3:00 Aluminum Structural Shapes and Their Application to 
Tr) T Gay . — . , Sac . “‘v oo a - . 
H. SawYER, Pre side nt, American Society of Civil Engi Engineering Structures 
Washington, D.C. 


The Construction Program and Activities of the Tennessee D. J. BLerruss, Assoc. M. Am, Soc. C.E., Assistant Hy- 


Y , . 7 , 4 ” é 1 \ ) f “ TL >i _- 
. Valley Authority draulic Engineer, Aluminum Company of America, Pitts 
1) é eRe baa ek burgh, Pa., and B. J. Fretcner, Assoc. M. Am. Soc. 
THEODORE B. PARKER, M. Am. Soc. C.E., Chief Engineer, C.E., Civil Engineer, Aluminum Company of America, 
nnessee Valley Authority, Knoxville, Tenn. New Kensington, Pa. 
11:10 Discussion opened by 
\. C. Pork, M. Am. Soc. C.E., Consulting Engineer, 3:45 Discussion opened by 
ngham, Ala 
Ro ¢ “Re Ch d Ross M. Rrece., M. Am. Soc. C.E., Head Civil Engineer, 
P. Grownon, M. Am. Soc. C.E., Chief Hydraulic Design Department, Tennessee Valley Authority, Knoxville, 
1luminum Company of America, Pittsburgh, Pa. Tenn 
12:00 Announcements : . . , : 
At the close of the discussion, a film on ‘‘Aluminum 
Luncheon Recess Production and Manufacture” will be shown. 
Ea 
Shown oF 
ncy N 
Great 
» US 
n. It may 


ed for rail 
ve and spac 
; materially 





rION OPERATIONS, CHICKAMAUGA DAM CONSTRUCTION VIEW, CHICKAMAUGA DAM 





Evening 


WEDNESDAY—April 19, 1959 
7:00 Dinner and Entertainment at Hotel Patten for Members, Ladies, and Guests. 


“I Py ng: Lee G. Warren, M. Am. Soc. C.E., Presi- Engineer, National Park Service, Washington, D.C., on 
. er essee Valley Section, Am. Soc. C.E.,; Project “National Parks of the United States” (illustrated in colors). 
vickamauga Dam, TVA, Chattanooga, Tenn. Tickets for the dinner and evening’s entertainment are 

» EpMUND F. Preece, M. Am. Soc. C.E., Senior $1.50 each. Tickets to students are 75 cents each. 


255 





¢ Civit ENGINEERING for April 1939 Vou. 9, No 


ty 
7 
’ 


Sessions of Technical Divisions 
THURSDAY —April 20, 1959 
SOIL MECHANICS AND FOUNDATIONS DIVISION 
Morning and Afternoon 
Car.ton S. Proctor, Chairman, Executive Commitee, Presiding 


9:30 Opening by 2:00 Report of Committee on Soil Sampling and Testing 


CaRLTON S. Procror, M. Am. Soc. C.E., Consulting Dr. MIKAEL J. Hvorsitev, Assoc. M. Am. So 
Engineer, New York, N.Y Research Engineer, Graduate School of Engineering 


; : : vard University, Cambridge, Mass 
9:35 Foundation Exploration and Geologic Studies, Chicka- 





mauga Dam 2:45 Discussion 
PORTLAND P. Fox, Assoctate Geologist, Tennessee Valley . P , 
, : : : rane a : 3:00 Foundation Exploration and Geologic Studies, Gupte, 
Authority, Chattanooga, Tenn < ers. 
ville Dam 
10:20 Discussion opened by Rospert M. Ross, Jr., Geologist, Tennessee Valle 


O. N. Firoyvp, M. Am. Soc. C.E., Consulting Engineer, thority, Guntersville Dam, Ala. 


Dallas, Tex 
3:15 Discussion opened by 


Dr. L. C GLENN, Professor, Department 
Vanderbilt University, Nashville, Tenn 


BeERLEN C. MONEYMAKER, Geologist, Tennessee Valley 
Authority, Knoxville, Tenn. 


10:40 Foundation Treatment, Chickamauga Dam 

vase B. Bate, M dw. St. CR, Comradion B- 3:35 Foundation Treatment, Guntersville Dam 

er. Chickama uga Dam, TVA, Chattanooga, Tenn VERNE GonGwerR, M. Am. Soc. C.E., Project Fy 
Guntersvetille Dam, T VA, Guntersville Dam, Ala 


neer 


11:25 Discussion opened by 
Cc I But E, M Am. Soe ca P Project F neineer, len 4:00 Discussion opened by 
nessee Valley Authority, Hiwassee Dam, N. C ; P 
GEORGE K. LEONARD, M 


Engineer, TVA, Guntersville Dam, Ala 


Am. Soc. CE 


12:00 Luncheon Recess 





SURVEYING AND MAPPING DIVISION 
Morning and Afternoon 
WitttAmM Bowtge, Chairman, Executive Committee, Presiding 


9:30 Trends in Boundary Surveying 2:40 Organization of TVA Surveying and Mapping Activities 


| A. H. Hott, M. Am. Soc. C.E., Head, Department of Civil Nep H. Sayrorp, M. Am. Soc. C.E., Head Engineer 
Engineering, Worcester Polytechnic Instttute, Worcester, and Surveys Division, Tennessee Valley Authorit 
| Mass tanooga, Tenn 
| , 
10:10 Discussion 
3:20 Stereoscopic Plotting Instruments in Topographic My 
| 10:40 Recess ping 
10:45 The Need for Topographic Maps in Regional and Local T. P. Penp_etron, M. Am. Soc. C.E., A 
Planning Chief, U. S. Geological Survey, Chattanooga, Tent 
| R. H. RanpdAti, M. Am. Soc. C.E., Consulting Engineer, 
Washington, D.C 4:00 Discussion 
| 11:30 Discussion In addition to the above papers and discussio! 
planned to present an exhibit of some of the high-pow 
12:00 “Luncheon Recess instruments in use, photographs of a tape-calibrating 
= . station, exhibits to illustrate land acquisition maps !roo 
2:00 Atlanta City Survey : ; we . a el 
. aerial photographs, and exhibit to illustrate mulup 
R. W. Torras, Assoc. M. Am. Soc. C.E., Engineer and mapping, stereoplanigraph mapping, and miscellaneous 
Secretary, City Planning Commission, Atlanta, Ga photographs illustrating unusual surveying practices 





Student Luncheon and Conference 
THURSDAY—APRIL 20, 1939 
2:30 Luncheon 2:15 Student Papers 


1:15 Speakers 
D. H. Sawyer, President Am. Soc. C.E.; T 
Keira LeGcark, and T. R. Acc, Members, Board 
if Direction, Am. Soc. CE 4:30 Award of Prizes 


3:30 Discussion of Student Chapter Activities 
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THURSDAY—APRIL 20, 19539 
HYDRAULICS DIVISION 
Morning and Afternoon 
Frep C. Scopey, Chairman, Executive Committee, Presiding 
esting ».39 Interesting Hydraulic Phenomena, Based on the Hydraulic 3:00 Discussion opened by 
Sy, Jump (Illustrated by Lantern Slides) C. W. Oxey, M. Am. Soc. C.E., Principal Engineer, 
ring p C. Scopey, M. Am. Soc. C.E., Senior Irrigation General Engineering Division, Tennessee Valley Author 


U. S. Department of Agriculture, Berkeley, 


10 Determination of Discharge at Gaging Stations on Streams 


Gunters. Effected by Variable Slope 
C. Bover, Jun. Am, Soc. C.E., Assistant Engineer, 
logical Survey, Silver Spring, Md 
35 Discussion opened by 
H. Prerce, M. Am. Soc. C.E., Senior Hydraulic 
r, Water Resources Branch, U. S. Geological Sur- 
hington, D.C. 
Cc. Ames, Assistant Hydraulic Engineer, U.S. Geological 
Chattanooga, Tenn. 
DonLeEy, Assoc. M. Am. Soc. C.E., Hydraulic En 
nnessee Valley Authority, Knoxville, Tenn 
The Hydraulic Laboratory in the TVA Program (Illustrated 
Moving Pictures 
H. Hicxox, Assoc. M. Am. Soc. C.E., Senior Hydrauli« 
ennessee Valley Authority, Norris, Tenn 
1:30 Discussion opened by 
W. Tuompson, Jun. Am. Soc. C.E., Lieutenant, 
Engineers, U.S.A., Director, U. S. Waterways 
ni Station, Vicksburg, Miss 
12 Luncheon Recess 
ctivitie 
0 Vicissitudes of an Engineering Formula 
M. Woopwarpb, M. Am. Soc. C.E., Chief Water Con 
ne Engineer, Tennessee Valley Authority, Knox 
phic Maj 


2:20 Discussion 
2:40 Engineering Aspects of the Influence of Forests on Moun- 
tain Streams (with Lantern Slides) 


HARD A. Hertz_erR, Jun. Am. Soc. C.E., Assistant 
Engineer, U. S. Forest Service, Appalachian 


beriment Station, Asheville, N.C 





TENNESSEE ELECTRIC PowER COMPANY 








ity, Knoxville, Tenn. 
C. R. Hursu, Senior Forest Ecologist, Appalachian Forest 
Experiment Station, Asheville, N.C 


HERMAN STABLER, M. Am. Soc. C.E., Chief, Conserva 


tion Branch, U. S. Geological Survey, Department of the 
Interior, Washington, D.C 


3:25 Recess 


3:30 Observational versus Experimental Hydraulics 

GERARD H. Marrues, M. Am. Sor 

neer, Off e of President, 
Vicksburg, Miss 


C.E., Principal Engi 
Mississippi River Commission 


3:45 Discussion opened by 
C. H. Ererert, M. Am. Soc. C.E., Chief Engineer and 
General Manager, The Miami Conservancy District, Day 
ton, Ohio 
L. L. Hiprncer, M. Am. Soc. C.E., President, 
Engineering Company, Memphis, Tenn 
Joun C. Hoyt, M. Am. Soc. C.E., Consulting Hydraulic 
S. Geological Survey, Washington, D.C 


Vorgan 


Engineer, U 


C. H. Paut, M. Am. Soc. C.E 
Dayton, Ohio. 


Consulting Engineer, 


3:55 Performance of Norris Spillway and Stilling Basin (with 
Moving Pictures) 


A. J. PeTerRKA, Junior Hydraulic Engineer, Tennessee 


Valley Authority, Norris, Tenn 
4:10 Discussion opened by 
E. W. Lange, M. Am. Soc. C.E., Associate Director in 
Charge, Iowa Institute of Hydraulic Research, University of 
Iowa, Iowa City, Iowa 
F. M. Dawson, M, Am. Soc. C.E., Dean and Professor of 
Engineering, University of Iowa, lowa City, Iowa 
Ivan E. Houx, M. Am. Soc. C.E., 
U. S. Bureau of Reclamation, Denver, Colo 


Sentor Engineer, 





EARLY WATER POWER DEVELOPMENT 
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Sessions of Technical Divisions 
THURSDAY—APRIL 20, 1959 
POWER DIVISION 
Afternoon 
Joun C. Pace, M. Am. Soc. C.E., Presiding 
SYMPOSIUM ON MASONRY DAMS ut 
Sponsored by the following Divisions, represented by: 2. The considerable improvement in control, han ling, ang 
; en = placing of concrete has made present-day masonry dams much mon 9 
Construction Division Harry J om SeCESSIN uniform, and eliminated to a large extent the uncertainties thy, 
Irrigation Division GLENN L PARKER were due in the past to non-uniform material. 
Power Division A. V. Karpov ; 
Soil Mechanics and Foundations 3. As a result of the studies made in connection with a. 

Division James H. Stratron dams, it has become clear that the properties of the foundation 
Structural Division Durr A. ABRAMS cannot be neglected if the behavior of an arch dam or a grayisy 9: 
Waterways Division W. H. McALPINE dam is to be determined. 

D he | fat ele , besa’ ' £ ch: The work that is going on at present along these three moi, 
cote = ast ie w — t aod lave on na ae er i: rere lines is being done by different men, different organizations. nd 
in design ¢ om eptions as applied to masonry dams robabDly often in different countries. 
three major influences are accountable for it: ee ‘ . 
It would seem that all this widespread experience might wel) } 10: 
1. The increased amount of engineering knowledge is responsi- made readily available by means of a carefully planned symposiuy 


The immediate result would be to eliminate the theories that hay. 
no practical application at present, and to clarify the situation « 
to design data and theories that should be used and further «& 
veloped in order to improve the design of masonry dams. 10:1 


ble for the realization that the very simplified assumptions on 
which the design of dams have been based do not apply in their 
entirety, and that the design of safe and economical dams must 
be based on more refined design methods. 


2:00 Introduction of the Chairman of the Symposium 3:30 Discussion opened by 


WILLIAM P, CREAGER, Chairman, Executive Committee, Crecit E. Pearce, Assoc. M. Am, Soc. C_E., Senior 10:2 
Power Division; M. Am. Soc. C.E., Consulting Engineer, draulic Engineer, Tennessee Valley Authority, Knoxy 
Buffalo, N.Y. Tenn. 
2:05 Opening Address Tuomas H. Wicorn, M. Am, Soc. C.E., Consultir 
gineer, New York, N.Y. 10:4 


Joun C. Pace, M. Am. Soc. C.E., Commissioner, U.S 


Bureau of Reclamation, Washington, D.C H. A. Kammer, Assoc. M. Am. Soc. C.E., Assist 


sign Engineer, American Gas and Electric Compan 


SESSION I York, N.Y. 
2:10 Masonry Dams—Basic Design Assumptions 4:00 Design of Arch Dams 


R. S. Lizurance, Senior Engineer, U. S. Bur 
Reclamation, Denver, Colo. 


IvAN E. Houx, M. Am. Soc. C.E., Senior Engineer, 
U.S. Bureau of Reclamation, Denver, Colo., and KENNETH 
B. Keener, M. Am. Soc. C.E., Designing Engineer on 
Dams, U. S. Bureau of Reclamation, Denver, Colo. 4:20 Discussion opened by 
R. A. SUTHERLAND, Assoc. M. Am, Soc. Cl 
Designer, Central Nebraska Public Power and 


District, Hastings, Nebr. 


GeorceE R. Ricun, M. Am. Soc. C.E., Head M 
Engineer, Tennessee Valley Authority, Knoxvill 


2:30 Discussion opened by 11:30 


WitLiAM P. CrReAGER, M. Am. Soc. C.E., 
Engineer, Buffalo, N.Y 


Consulting 


Durr A. ABRAMS, M. Am. Soc. C.E., Consulting Engineer, 
New York, N.Y 

P. E. Grstcer, M. Am. Soc. C.E., Structural Engineer, 
Pennsylvania Water and Power Company and Safe Harbor 
Water Power Corporation, Baltimore, Md 


4:40 Design of Special Dams The 
C. H. Howe i, M. Am. Soc. C.E., Construction Ey ‘hi 
U.S. Bureau of Reclamation, Denver, Colo 




















Georce R. Ricn, M. Am. Soc. C.E., Head Mechanical 5:00 Discussion opened by a 
Engineer, Tennessee Valley Authority, Knoxville, Tenn. fs — 7 7 
C. V. Davis, M. Am. Soc. C.E., Principal Planning © ' 
3:10 Design of Gravity Dams neer, Tennessee Valley Authority, Knoxville, Tenn 
A. L. Autry, M. Am. Soc. C.E., Senior Engineer, U. S. James P. Growpon, M. Am. Soc. C.E., Chief H) em : 
Engineer Office, Denison, Tex Engineer, Aluminum Company of America, Pittsburg), 
Dinner and Dance at the Chattanooga 
s . ~ 
Golf and Country Club ' 
THURSDAY—April 20, 1939—Evening 
7:00 P.M. 
Following the dinner, there will be informal dancing and a floor show 
rickets for the dinner and evening’s entertainment are $2.00 each 
Tickets to students are $1.50 each. Tickets for the dance only are 
$1.00 per couple : 
2h Civit ENGINEERING for April 1939 Vou9, No \ 
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Sessions of Technical Divisions 





FRIDAY. 

POWER DIVISION 
un C. Pace, M,. Am, Soc. C.E., Pressding 
\TION OF SYMPOSIUM ON MASONRY DAMS 


SESSION II 
Preparation of Foundations for Masonry Dams 


HwARLES H. Paut, M. Am. Soc. C.E., Consulting Engi- 
Dayton, Ohio, and Josepu Jacoss, M. Am. Soc. C.E., 
ulting Engineer, Seattle, Wash. 


Discussion opened by 

Ross M. Rrecer, M. Am. Soc. C.E., Head Civil Engi- 
neer, Design Department, Tennessee Valley Authority, 
Knoxville, Tenn. 


Determination of Elastic Properties of Foundation Rock 


Dr. R. K. Bernwarp, Professor and Head of Department 
f Mechanics and Materials of Construction, The Pennsyl- 
State College, State College, Pa. 


Discussion opened by 
A.peN K. Srpiey, Ist Lieutenant, Corps of Engineers, 
S.A., Assistant District Engineer, Conchas Dam, N.Mex. 
Methods of Improving Foundation Rock 


James B. Hays, M. Am. Soc. C.E., Construction Engineer, 
kamauga Dam, TVA, Chattanooga, Tenn. 


Discussion opened by 
Hans Kramer, M. Am. Soc. C.E., Captain, Corps of 
Engineers, U.S.A., District Engineer, U. S. Engineer Office, 
Conchas Dam, N.Mex. 
J. D. Lewin, Assoc. M. Am, Soc. C.E., Consulting Engt- 
r, New York, N.Y. 
James P. Growpon, M, Am. Soc. C.E., Chief Hydraulic 
ngineer, Aluminum Company of America, Pittsburgh, 


Pa 


General Discussion 


April 21, 1939—Morning 


HIGHWAY DIVISION 


L. G. HOLLERAN, Chairman, Executive Committee, Presiding 


9:30 Soil Stabilization in South Carolina 
W. H. Mitts, Testing Engineer, State Highway Depart- 
ment, Columbia, S.C. 
10:00 Discussion 
10:15 Construction of Embankments Across TVA Reservoirs 
F. E. Juntor, Assoc. M. Am. Soc. C.E., Highway Engi- 
neer, Tennessee Valley Authority, Chattanooga, Tenn. 
10:45 Discussion 
11:00 Low Cost Highway Construction in Alabama 
Leon Gortuiies, Assoc. M. Am. Soc. C.E., Bituminous 
Engineer, State Highway Department, Montgomery, Ala. 
11:30 Discussion 


CONSTRUCTION DIVISION 


DANIEL T. WEBSTER, Chairman, Executive Committee, Presiding 


9:30 Time Studies and Cost Accounting on Large Construction 
Operations 
F. C. WARDWELL, Assoc. M. Am. Soc. C.E., Senior Civil 
Engineer, Tennessee Valley Authority, Chickamauga Dam, 
Chattanooga, Tenn. 


10:00 Discussion 
10:15 Principles of Plant Layout for Large Dams 
R. T. Cotsurn, M. Am. Soc. C.E., Construction Plant 
Engineer, Tennessee Valley Authority, Knoxville, Tenn. 
10:45 Discussion 
11:00 Principles of Plant Layout for Buildings 
R. L. Bertin, M. Am. Soc. C.E., Chief Engineer, White 
Construction Company, Inc., New York, N.Y. 
11:30 Discussion 





Excursion to Chickamauga Dam, Friday Afternoon 


The Excursion Will Leave the Hotel at 1:30 p.m. 
Chickamauga Dam is one of the dams projected by the Tennessee 


lley Authority across the Tennessee River to give a 9-ft channel 
m Knoxville to the Ohio River. 


It is about 8 miles above Chat- 


the head of the Hale’s Bar pool. Work was commenced 


January 1936 and is scheduled for completion about June 1940. 








tures across the main channel are of the concrete gravity 
sist Of a navigation lock, spillway, and power house 
hese are flanked on both sides of the river by earth em- 

which extend across the flood plain to high ground 


4 “qa . 
Me a Bh 4 
64 ee } : 


The total length of the dam, including earth embankments, will 
be approximately 5,794 ft. The top of all structures, exclusive of 
roadway, will be 108 ft above bedrock and the level of the Ten- 
nessee River will be raised 53 ft above the Hale’s Bar pool. 

The pool created by the dam will extend to the proposed Watts 
Bar Dam on the Tennessee River, a distance of 59 miles, and to 
Charleston, Tenn., on the Hiwassee River. The reservoir will 


cover 36,500 acres and the available storage for flood control will 
The length of the shore line, including islands, 
No charge for this trip 


be 325,000 acre-ft. 
will be 500 miles. 


PANORAMA OF CHICKAMAUGA DAM 
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Entertainment 


WEDNESDAY —Apri 19, 1959 
9:00 Registration 


10:00 Ladies will be welcome at the Opening Session of the 
Spring Meeting 


12:30 Luncheon 
Ladies’ luncheon at Fairyland Club 
S| (nN) eacl 


licket h 


2:00 Motor Trip to Lookout Mountain and Rock City 


oO arg 

Please register for this trip at the registration desk before 10:00 
i! 

Lookout Mountain, world-famous for its magnificent scenic 
panoramas, enshrined in the hearts of Americans as scene of one of 
wal most picturesque encounters The Battle Above the 
Cloud 

Lookout Mountain offers breath-taking views from many points, 
most renowned being the Moccasin Bend panorama from the point 
of the mountain which tmpelled Prince Henry of Prussia to ex 
claim in 1902, “There its nothing like it 1n all Europ 

Rock City is a natural wonder created by bizarre rock formations 
which take the forms of a city with great buildings, streets, and 
avenu¢ Adding to the work of Nature are swinging bridges and 


decorative features of various sorts. In the gardens are more than 
100 varieties of native wild flowers and shrubs The gardens are 
entered through a lodge constructed of mountain stone. Near the 
entrance is a bronze plaque awarded by the Garden Clubs of 
America 

Ruby Falls is in Lookout Mountain Caverns which are entered 
by an electric elevator which lowers the visitor 400 ft to the cave 
level Che waterfall is 145 ft high. Encountered at a sudden turn 
of the long underground corridor and illuminated by colored flood 
lights, it looks not unlike the setting for a scene in grand opera 


7:00 Dinner 
Ladies will join members at dinner at the Hotel Patten 
Tickets $1.50 each 





MISSIONARY RipcG! 
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for the Ladies 
THURSDAY—April 20, 1939 


2:00 Motor Trip to Missonary Ridge, Fort Oglethorpe ,., 
Chickamauga National Military Park : 
No « harg¢ 
Please register for this trip at the registration desk het, 
10:00 a.m 
rhis national park marks the battleground of Chickama 
where the Confederates under General Bragg, after retiring fr», 
Murfreesboro and Tullahoma, closely followed by the Fede; 
under General Rosecrans, turned and struck their pursuers y 
had divided their forces in crossing the mountain ridges 


September 19 and 20, 1863, the Union forces were comple 
routed, except one division under General Thomas, which held . 
till evening and retired in good order he rest of the | nion arr : 
retreated in great disorder to Chattanooga, where they we; x 


seiged and suffered great privation for two months. The har 
Chickamauga ranks third among all the encounters of th 
War in percentage of casualties to total number engaged 
['wenty-nine states sent troops to take part in this engag 
of which four, Maryland, Kentucky, Missouri, and Tenn 
troops with both the Blue and the Gray. Connecticut, Illi; 
Indiana, Iowa, Kansas, Maine, Massachusetts, Michigan. Ne, 
Jersey, New York, Ohio, Pennsylvania, West Virginia, and \ 
consin were represented in General Rosecrans’ army, whil 
bama, Arkansas, Florida, Georgia, Louisiana, Mississippi, N 
Carolina, South Carolina, Texas, and Virginia all had units y 
General Bragg. 





7:00 Dinner and Dance 
Ladies will join members at dinner and dance a 
Chattanooga Golf and Country Club 
Tickets $2.00 each 


FRIDAY—April 21, 1959 


1:30 Inspection Tour to Chickamauga Dam 
Ladies will join members on this tour. No charg 
Please register for this trip at the registration desk 


fore 10:00 a.m 
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SATURDAY 


- ents have been made for members and guests to visit 
purpose dams of the Tennessee Valley Authority 
pletion at Chickamauga (near Chattanooga, Tenn.), 
ar Murphy, N.C.), and Guntersville (near Gunters- 
as well as the completed dams of the Tennessee Elec- 
Company at Hale’s Bar (18 miles below Chattanooga), 
and No. 2 (near Parksville, Tenn.), and the completed 
, Aluminum Company of America on the Little Tennes 
River, namely, Calderwood, Tenn., Santeetlah and Cheoah, 


Whil tours to the various dams will include views of scenic 

which the mountains of East Tennessee and Western 
, Carolina have become famous, a special tour through a por 
§ the Great Smoky Mountains National Park has been ar 


Trip A~ Tennessee Electric Power Company Dams, Ocoee No. 
| and No. 2, near Parksville, Tenn., and the TVA Hiwassee 
Dam near Murphy, N.C. 

- tour offers a combination of beautiful scenery and interest 


trial developments. Leaving the Hotel Patten, the tour 


follow U. S. 11 to Cleveland (32 miles), thence U. S. 64 to 
ksville (13 mules Just beyond Parksville, Ocoee No. 1, a 


dam 110 ft high with a reservoir of 80,120 acre-{t, and steam 
into view. As the highway skirts the reservoir in its 
limb through the foothills, interesting scenic views are 
ied. Eight miles from Ocoee No. 1 is the power house of 
No. 2, fed by a wooden flume 5 miles long extending from 
No. 2 on a grade of 0.064 per cent. This flume provides a 


Attractive views of the gorge of Ocoee River above 
No. | are quickly followed by the unusual sight offered by 
Ducktown-Copperhill area. The 


scenic 


und gullies of the 


from Parksville to Ducktown is 27 miles. The highway 
Hiwassee Dam Ieads through the business section of Duck- 

vn to Turtletown, Tenn. (8 miles), which is the railhead for the 
Hiwassee Dam. From Turtletown to Hiwassee Dam, a distance 


iles, the tour will travel on the TVA access road constructed 
dual purpose of providing a means for hauling supplies 
he railhead to the dam and also to provide a permanent road 
dam from points in Tennessee. 
Hiwassee, a storage dam 1,265 ft long, constructed entirely of 
will be the highest overflow straight gantry spillway 
the eastern half of the United States. When completed, 
21 ft high, approximately 60 ft higher than TVA’s 
ris Dam near Knoxville. It will have a reservoir of 435,000 
Construction was started July 7, 1937. The dam closure 
duled for February 1940, and the filling of the reservoir will 
mpleted in July 1940 
heon will be served at the TVA cafeteria at Hiwassee Dam 
turn trip will be by the same route. The total distance is 
lickets for this trip are $3.00 each. 


will be 


Trip B-Aluminum Company of America Dams on the Little 
Tennessee River 


tour will leave the Hotel Patten, following U. S. 11 to 
land (32 miles) From Cleveland, the route will follow 
nessee Highways Nos. 60, 39, 33, and 72 to Calderwood Dam 
From Calderwood Dam, U. S. 129 leads to Tapoco 


+ mil Lunch will be served at Tapoco Lodge. From 
ime route is followed on to Santeetlah Dam (9 


beyond to Murphy, N.C. (48 miles) and back to Chat 
90 miles). Total distance 276 miles, through 
beautiful scenery in the United States 

trip are $3.50 each 


ga dy U.S. 64 
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spection Trips to Power Plants and to Points of Scenic 


~ 


'aterest in East Tennessee and Western North Carolina 
April 22, 1959 


The following trips will start from the Hotel Patten at 9:00 a.m.: 


Trip A-—-Tennessee Electric Power Company Dams, Ocoee 
No. 1 and No. 2, near Parksville, Tenn., and the TVA Hiwassee 
Dam near Murphy, N.C. 


Trip B—Aluminum Company of America Dams on the Little 
Tennessee River 


Trip C-—-Tennessee Electric Power Company Dam and Steam 
Plant at Hale’s Bar, Tenn., and TVA Dam near Guntersville, 
Ala. 


Trip D--Great Smoky Mountains National Park 


Trip C-—-Tennessee Electric Power Company Dam and Steam 
Plant at Hale’s Bar, Tenn., and TVA Dam near Guntersville, 
Ala. 

Leaving the Hotel Patten, this tour follows U. S. 41 going west 
to four miles beyond Jasper, Tenn., the junction point with U.S 
72, a distance of 31 miles. The tour takes the visitor over the side 
of Lookout Mountain and through a beautiful rolling country. 
Eighteen miles from Chattanooga Hale’s Bar Reservoir, Dam, and 
Steam Plant are to be seen. A short highway leads to the dam. 

Hale’s Bar Dam is 60 ft high and 2,500 ft long. Its reservoir ex- 
tends to Chattanooga. After a visit to Hale’s Bar Dam, the tour 
will continue on to Guntersville Dam over U. S. Highway 41 to the 
junction point beyond Jasper, and then over U. S. Highway No, 
72 to Scottsboro, Ala., a distance of 26 miles. From Scottsboro 
the tour follows Alabama Highway 32 for a distance of 22 miles 
to the junction point of U. S. Highway 241 and Alabama Highway 
30, and thence on to Guntersville via U. S. Highway 241, a dis- 
tance of 4 miles. At Guntersville, the visitor will be interested in 
the new harbors, rail ferries, dikes, and other improvements made 
necessary as a result of the creation of the Guntersville Reservoir 
Guntersville, an inland town, has been transformed into a port, 
surrounded on three sides by deep water. Leaving Guntersville 
on U.S. Highway 24], the tour leads to the TVA access road inter- 
section. The access road, four miles in length, brings the visitor 
to the dam 

Guntersville Dam is of earth and concrete construction, 3,955 
ft long and 94 ft high. The reservoir area is 951,000 acre-ft and 
extends 82 miles to Hale’s Bar Dam. 

Luncheon will be served at the TVA cafeteria at Guntersville 
Dam. The total length of the trip is 226 miles 

Tickets for this trip are $3.00 each. 


Trip D—Great Smoky Mountain National Park 


This tour will be made by chartered bus and will require a mini 
mum of 25 passengers in order to secure minimum rates per pas 
senger. 

The tour will leave the Hotel Patten at 9:00 a.m. and will pro- 
ceed via Maryville to Gatlinburg in the Great Smoky Mountains 
National Park. The night will be spent at Gatlinburg in one of 
the three available hotels. On Sunday morning the trip around the 
“Loop” will be made, including Clingman’s Dome, Bald Eagle, 
Mount LeConte, and Pigeon River Forge and returning to Chat 
tanooga. The total tour is 300 miles and the approximate charge 
for transportation only will be $3.00, provided 25 passengers are 
secured. Room and meals are additional. If the members wish, 
the bus will take them and their baggage into Asheville and leave 
them there, for approximately $1.50 more. No fixed arrangements 
have been made, as this tour can be varied to suit the wishes of 
those taking it. Those interested will register at the registration 
desk before 10:00 a.m., Thursday, April 20) 





mmodate the Local Committee by Registering and Obtaining Tickets Early 
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Hotel Accommodations and Announcements 


Technical Divisions’ Subcommittees 


In order to be certain of accommodations, members are urged to 
make definite arrangements for rooms at least a week in advance of 
the Spring Meeting, paying for the rooms in advance for at least 
part of the period for which they expect to be in Chattanooga. 

The Hotel Patten is the meeting headquarters and, it is expected, 
will be able to care for all who attend. 


Hotel Rates 
Sincie Rooms Dova._e Rooms 


Horst With Without With Without 
Bath Bath Bath Bath 
Patten $2.50 up $2.00 $4.00 up $3.00 up 
Northern 1.75 1.25 3.00 2.00 
Read House 2.50 up 4.00 up 
Plaza 2.00 up 1.50 3.00 up 2 50 
Ross 2.00 1.50 3.00 2.50 
Walden 1.50 1.25 2.50 up 2? 00 
James 1.50 1.00 2.00 1.50 
Park 2.00 up 3.00 up 


All who attend the Spring Meeting are requested to register im 
mediately upon arrival at headquarters. Special badges and tickets 


will be obtained at the time of registration. 


Local Sections Conference, Tuesday, April 18, 1939 

A conference of representatives from Local Sections will be held 
on Tuesday, April 18, at 9:30 a.m. Accredited representatives 
from the 16 Local Sections in the Southern Meeting Region will dis- 
cuss Local Section affairs. The conference is held under the 
sponsorship of the Southern Region Meetings Committee, of which 
C. M. Reppert, Vice-President, Am. Soc. C.E., s chairman. All 
members of the Society will be welcome to attend 


Order All Tickets in Advance 
Members who order tickets in advance not only will be saved de- 
lay by having tickets and badges awaiting them on arrival at head- 
quarters, but they will assist the Committee greatly by giving 
advance information to guide it in concluding arrangements 


Information 
A registration desk will be provided in the headquarters hotel 
to assist visiting members in securing desired information about 
the city. At the registration desk a card file of those in attendance 
will be maintained, with information as to Chattanooga addresses 


Entertainment for the Ladies 
Attention is directed to the entertainment provided for the ladies 
on Wednesday and Thursday. It is expected that they will par- 
ticipate with the members in any other features of the program in 


which they are interested. 


Student Luncheon and Conference 
Members of Student Chapters are invited to participate in all 
the events of the Spring Meeting. Particular attention is called to 
the Student Luncheon and Conference on Thursday, and to the 
special price for students for the Wednesday and Thursday even 
ing functions 


Executive Committee 
Lee G. WARREN, Chatrman 
J. I. Perrey, Vice-Chairman 
Joun F. BARKSDAL! 
H. L. Frvenp 


ERWIN HARSCH 
C. B. Cor, Executive Secretary-Treasurer 


F. C. WARDWELL 
W. H. Wiison 


Highway 
James E. More ann, 
Chairman 
W. I. Ler 
FRANK W. WEBSTER 
Power 
Ross M. Rrece., Chairman 
H. A. HAGEMAN 
A. V. Karpov 
Construction 
F. C. WARDWELL, Chairman 


Surveying and Mappi Z 

Georce D. Warrm 
Chairman 

T. P. PENDLETON 

CLIFFORD A. Betts 


Soil Mechanics and Foundations 


James B. Hays, Chairman 

James S. Lewis, Jr 
Hydraulics 

A. S. Fry, Chairman 

SHERMAN M. Woopwarp 


Committees for General Arrangements 


Finance 
E. F. Cuorotr, Chairman 
F. C. WaRDWELL, Vice-Chair- 
man 
R. H. BAKER 
A. F. Porzevius 
D. Hewrrt Woop 
Entertainment 
W. H. Wirson, Chairman 
F. E. Juntor, Vice-Chairman 
J. K. Brack 
R. E. FRIERSON 
G. R. KAVANAGH 
R. S. LILLARD 
Reservations and Registration 
H. M. Townsenp, Chairman 
M. L. Saanan, Vice-Chairman 
E. J. CONN 
F. C. DuNHAM 
J. E. Hocker 
H. JeERVEY KELLEY 
Reception Committee 
D. Hewitt Woop, Chairman 
H. L. Fruenp, Vice-Chairman 
C. E. BLee 
T. F. Boitz 
E. D. BurCcHARD 
N. W. DouGHERTY 
G. B. EARNEST 
A. S. Fry 
R. S. GARRETT 
V. GONGWER 
J. P. GrRowpon 
Jo Conn GuILp 
H. H. HALe 
H. W. HANLy 
P. B. Hitt 
J L. LAMSON 
O. LAURGAARD 
C. E. McCasHIn 
G. H. MATTHES 
O. J. MILLER 
C. E. NICHOLS 
R. F. O_ps 
J. I. Perrey 
A. F. Porzevius 
W. H. R#opEs 
W. W. SANDERS 
Ler G. WARREN 


Publicity 
C. B. Cor, Chairman 
Mrs. Joun F. Barxspars 
Vice-Chairman 
J. M. Hayes 
C. C. MINER 
V. D. L. Rosinson, Advisor 


Ladies Entertainment 


Mrs. J. E. MORELAND, Chairmo, 


Mrs. J. I. Perrey, Vice 
Chairman 
Mrs. Cuirrorp A. Berrs 
Mrs. R. E. Frierson 
Mrs. H. Jervey Ketiy 
Mrs. A. F. Porzetivus 
Mrs. Nep H. Sayrorp 
Mrs. W. G. Srromouts: 
Mrs. Lee G. WARREN 
Mrs. D. Hewrrr Woop 
Exhibits 
F. C. WARDWELL, Chairman 


NorRMAN F. WILLIAMs, /Jice- 


Chairman 
V. D. L.-RosBtnson 
Transportation 
W. H. Sears, Chairman 


Ervin F. Newman, /Jice- 


Chairman 
Ear. G. Dopsins 
W. N. Downey 
James F. Pov 
Georce E. Scumip1 
Ladies Reception Committee 
Mrs. Lee G. WARREN 
Chairman 
Mrs. D. Hewrrr Woop 
Vice-Chairman 
Mrs. C. E. BLEE 
Mrs. E. D. BurcHarp 
Mrs. H. L. FrRvenp 
Mrs. A. S. Fry 
Mrs. P. B. Hit 
Mrs. J. L. LAMSON 
Mrs. O. LAURGAARD 
Mrs. O. J. MILLER 
Mrs. R. F. OLpDs 
Mrs. T. B. PARKEP 
Mrs. T. P. PENDLETON 


Mrs. SHERMAN M. Woopwak? 





office for any service desired. 





The program as a whole has been prepared under the direction of the 
Southern Region Meetings Committee, composed of C. M. Reppert, Vice- 
President Am. Soc. C.E., Chairman; and James A. ANDERSON, R. P. Davis, 
S. W. Sawin, and T. Kerrn Lecargk, Directors Am. Soc. C.E. 

Please call on the Local Committee on Arrangements or on the Secretary’s 
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Program and Aims of the Hydraulics 
: Division 


ecent addition to the Technical Divisions of the Society, 
dics Division, was authorized by the Board of Direction 
038. The first Executive Committee of the Division was 
hy the Board in October 1938, and consists of Fred C. 
hairman), Charles H. Paul, J. C. Stevens, Gerard H. 
vowthes, and Boris A. Bakhmeteff. Mr. Scobey has prepared the 
tatement for information of the membership at large. 


<ecutive Committee of the Hydraulics Division held its 
+ meeting in Dayton, Ohio, in December 1938. At that time the 
veneral program and aims of the Division were formulated, and 
ace then sufficient progress has been made to enable the Division 
schedule two technical sessions for the Spring Meeting of the 
society at Chattanooga, a joint session and a session alone for the 
\nnual Convention at San Francisco. 

lt has been decided that the former “‘Research Committees”? now 
ened to the Hydraulics Division will be continued for the pres 
he same form and with the same personnel as before—with 
cception of the National Water Policy Committee, which was 
harged by the Board of Direction at the suggestion of the chair- 
that committee. It is likely that a new committee will be 

with functions that will more nearly fit a title of ‘Com 
The committees on Meteorological 


ganizea 


tee on Water Resources.” 


ita, Flood Control, Flood Protection Data, and Hydraulic Re 
rch have passed over smoothly from the old to the new status 
Committee on Flood Control is just completing its final report 


that, it is proposed to merge the functions of the two com- 
touching on floods into one ‘‘Committee on Floods.””’ New 
work is in the formative stage. 
Executive Committee were unanimous in their agreement 
he type of programs to be offered the membership from time 
For the near future it was agreed that “‘local-project”’ 
should be accepted only when some feature of broad 
tion could be accented. ‘‘General’’ subjects are preferred 
reading of long papers will be discouraged, with the thought 
short assembly of highlights from a paper, iliustrated with 


ng pictures or slides, will be more acceptable for oral presenta 
Discussion from the floor will be encouraged. The theory 
ithematics of hydraulics will be acceptable for such programs 


when they do not become so involved in detail that they are 
ng toan audience that comes to be entertained in an instructive 
On the other hand, suitable papers of any nature, sub 
| with illustrations or diagrams, will be passed upon with a 
w to printing in one of the Society publications. Thus papers 
¢ reviewed for submission toward publication that would not 
ptable for convention programs. The Division proposes to 
ublic appearance and papers by the younger members, 
t material being the main basis of consideration. 

Executive Committee agrees that applied hydraulics as well 
retical investigation and analysis come within the field of the 
* Division. Likewise hydraulics is taken in its broader sense, 
statics, hydraulics, and hydraulic engineering, with 
ragement toward education of the civil engineering student in 
iid mechanics. Every assistance feasible will be 
rd verifying performance in models with that in the 
tructed along the lines developed in the model. In 
the Committee wishes to encourage engineers in 
ind construction of full-size structures to include 
iulic tests, in all cases where preliminary study 
lels Piezometer connections, it should be noted, 
d during construction but are difficult to place 
ts of model and prototype conformity—or lack 
be most acceptable. Where negative results 

hey may be more valuable than positive data 
m will eventually be taken up with groups in 
ties, where hydraulics constitutes one phase of 


irage | 
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SOCIETY AFFAIRS 


Official and Semi-Official 





“Tri-City Group” Organized to Serve 
Members in Rock Island-Moline- 
Davenport Area 


MEMBERS of the Society residing in Rock Island and Moline, IIl., 
and Davenport and Muscatine, Iowa, perfected a temporary group 
organization at their second dinner meeting, held in Rock Island on 
March 10, 1939. Chairman of the group is J. E. Jewett. C. H. 
Young has been chosen as vice-chairman and T. J. Rodhouse as 
secretary. The ultimate objective of the group is to effect a 
permanent organization, as either a Sub-Section or a Section of the 
Society, ‘‘in order that the aims of the Society may be more com- 
pletely carried out in these communities, which are so closely 
linked geographically, yet so far removed from the influence of the 
Sections [Illinois and Iowa] within whose jurisdiction they fall.’’ 

The concentration of engineering talent in the vicinity of the Tri- 
Cities has made possible this development. ‘In addition to the 9- 
ft channel canalization project now nearing completion on the 
Mississippi River,’’ writes Mr. Rodhouse, ‘‘a new $2,250,000 high- 
way bridge between Rock Island and Davenport is being started, 
and large sewer and water works improvement projects in both 
Rock Island and Davenport are under construction.” 

At the March 10 meeting it was decided to continue the organiza- 
tion on a temporary basis for a further periods of 90 days, to give 
time for straightening out the complications arising from the fact 
that the membership is drawn from territories served by two exist- 
ing Sections. Meanwhile, monthly meetings of the group will be 
continued, with programs including papers by its own members and 
by guest speakers from the vicinity. Plans are also being made for 
a full-day meeting later in the spring, in which both the Illinois and 
the Iowa Sections will be invited to participate 

On the March 10 program were papers by two members of the 
Tri-City group. H.S. Smith, Jun. Am. Soc. C.E., gave a paper on 
“High-Rate Trickling Filters,’’ which covered in some detail the 
differences in design, construction, first cost, and operating costs 
between the high-rate type trickling filter and the conventional- 
type filter in sewage treatment practice. The second paper was 
presented by L. A. Carlson, a civil engineer with the U. S. Engineer 
Office, Rock Island, Ill. His paper, entitled ‘Forecasting in Con- 
nection with Pool Operation,’’ discussed a relatively new problem 
which has developed with the operation of a series of navigation 
dams such as is involved in the Upper Mississippi River canaliza- 
tion project. The accurate forecasting of inflows into each of the 
navigation pools 24 hours in advance, and the dispatching of the 
information to personnel at the 13 navigation dams now operated 
or about to be operated in the Rock Island Engineer District, have 
required detailed studies of the hydrology of the Mississippi River 
basin, as well as the organization of a complex system of dispatching 
reports on rainfall and stream-gage heights from key stations within 
the watersheds involved, to the forecasting office in Rock Island 
Both the papers proved exceedingly interesting to the group. 

It appears that much is to be gained by continuing a series of 
meetings of members of the Society in and near the Tri-Cities 





Pittsburgh Section Sets Up Service to 
Aid Employment of Juniors 


TO PROVIDE a more ready means of contact between Juniors 
looking for engineering jobs and members of the Society needing 
engineers, a so-called “Contact Service’’ was recently organized 
by the Pittsburgh Section. J. W. McKnight, Chairman of the 
Junior Division of the Section, is in charge of the program. 

As the result of a canvass of Juniors, a personnel record file has 
been developed, which includes both “‘active’’ and ‘“‘inactive’’ 
cards, depending on whether a Junior is currently unemployed ot 
temporarily employed. Information on the card includes such 
items as education, experience, type of work for which qualified, 


and date available. Concurrently, all members of the Pittsburgh 
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Section have been apprised of the plan and requested to notify the 
Contact Service in case they require help themselves or know of 
openings. When an opening develops, all men registered under 
that particular classification of engineering activity are notified by 
the Service, so that they may make direct application to the proper 
office 

There are no fees, the cost to each Junior being limited to sup- 
plying postage and envelopes for his notifications. Emphasis is 
placed on the fact that the Service is not an employment agency, 
but rather a ‘‘clearing house for information,”’ and that it is strictly 
limited to members of the Pittsburgh Section. ‘ 





. . ry . ’* 

Reprints from ‘Transactions 

Work on the annual volume of TRANSACTIONS is progressing 
steadily at Society Headquarters, and Volume 104 will be collated 
and ready for distribution in time to include the paper-bound 
copies with the October issue of ProceEepInGs. The first papers 
in the volume have already been prepared and are being sent to 
press 
The Society’s policy regarding the distribution of reprints is as 
follows. Reprints of PROCEEDINGS papers are never provided 
except to fill special orders of 100 or more. When a paper, with 
all discussions and the closure, has been collated and printed in 
TRANSACTIONS, the author is presented with 25 copies of the com- 
plete paper and each discusser receives two reprints. <A limited 
supply is placed in stock for single-copy sale. Any members 
who may need quantities of 100 or more will profit by placing their 
orders on file before the type is removed from the presses after the 
regular edition has been run. For these reprints, and for similar 
standard reprints of PROCEEDINGS, prices can be quoted approxi- 


mately as follows 


NUMBER ADDITIONAL NUMBER ADDITIONAL 
OF 100 100 or 100 100 
PAGes Cortes Coptrs PAGES Copies Copies 
4 $7.00 $2.50 24 $15.50 3.75 
. 8.75 2.75 32 18.75 5.75 
12 11.50 3.25 48 22.00 5.75 
16 11.75 3.50 64 29.00 6.50 
20 14.50 3.50 80 30.25 7.00 


Prices are subject to change without notice. 


After the regular edition has been run, the added cost of placing 
type matter back on the presses increases the cost of reprints ma- 
terially. Orders should therefore be placed early, with the under- 
standing that the actual cost will be based on bills received from 


the printer. 





Notable Mid-Winter Gathering of 
Engineering Institute of 
Canada at Ottaw: 


To ATTEND the 53d annual meeting of the Engineering In- 
stitute of Canada, a large group of engineers and others met in 
Ottawa, Ontario, commencing February 14, 1939. The northern 
latitude and mid-winter climate seemed to have no adverse effect 
on the size or enthusiasm of the sessions; in fact, the commodious 
facilities of the Chateau Laurier gave a sense of comfort and wel- 
come that typified the whole meeting 

As far as Canadian engineers were concerned, it was a national 
gathering, but in fact it was more than that, because the presence 
of guests and non-members lent an international atmosphere. 
Societies south of the border were generously represented, with the 
president and secretary of the American Society of Civil Engineers 
as well as those of the Mechanical and Electrical societies, in- 
cluding the wives of these officers. Another honored guest was 
the chairman of the Engineers’ Council for Professional Develop- 
ment 

One particular session, on the afternoon of the opening day, 
Tuesday, February 14, was devoted to the recognition of these 
visitors. This function, similar to the other sessions of the meet- 
ing, was conducted with a dignity and precision which went be- 
yond a mere welcome to give at the same time a warm feeling of 
professional and international solidarity. The presidents and 
secretaries of the visiting organizations were individually intro- 
duced and responded, touching upon various topics. 
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A fine treat was in store for the same evening, when | he ann 
dinner of the Institute was held. This formal event was “a 
worthy in a number of ways, but particularly in the Presence , 
Their Excellencies, the Governor General and Lady Tweedsm,:. 
This signal event not only emphasized the high Standing of th 
profession throughout the Dominion but gave an opportunity le 
a demonstration of the deep affection felt for Their Excellencie 
and for their official status in Canada. Again the gift of Organiz 
tion of social events and the dignity of the Canadian profession 
man was emphasized. The meeting was all that such an heal 
should be in its ideal form. It was‘further noteworthy in tha; «, 
principal address was delivered by Willard Chevalier, \y Aw 
Soc. C.E. 

While speaking of social matters, mention should be made of , 
ladies’ tea held on Wednesday afternoon at Government Hoy. 
official residence of the Governor General. Her Excellency, |, 
Tweedsmuir, graciously received a large group of the yisirin 
ladies. 

Professional papers were confined to the sessions on Wednes:s) 
February 15. In all, eleven papers were presented, diversifi 
so as to give an insight into a variety of technical problems a, 
tered over the Dominion but centering more particularly on tho 
of mid-west Canada. In between the morning and afternos 
sessions of each day a delightful lunch was arranged, with greet. 
ings by Dominion officials and interesting and informative talj; 
by selected speakers. 

Finally, an informal social event on Wednesday evening cop 
pleted this annual meeting of the Institute. To say that 
entire affair was most interesting is putting the matter yer 
mildly. From the standpoint of the visitors from the Unive 
States, it was a delightful experience. The hospitality of the 
Canadian brethren was both genuine and complete. This mee 
ing therefore presented still another evidence of the warm tie 
which bind the professions in the two countries. It also gave 
opportunity for returning similar courtesies that have been : 
generously rendered by Canadian engineers in their attendance x 
meetings held south of that invisible international boundary 





Committee of Cleveland Section Map: 


Many Worth While Objectives 


CURRENTLY at work in the Cleveland Section is a Special Con 
mittee on Aims and Objectives, which is studying possible field 
of activity ‘that might lend new interest and strength to the work 
of the Cleveland membership.” Its recent progress repor 
tains a wide variety of suggestions that should prove of value ' 
Local Sections in all parts of the country. A number of the 
suggestions are abstracted in the following paragraphs: 

“Vocational Guidance. Advertising released by manufactures 
has a large influence on the selection of technical work undertakes 
in the colleges. Advertising of this character has played up acre 
nautical engineering, electrical engineering, chemical engineer 
mechanical engineering, but not civil engineering. It is importast 
for the future of the profession that we continue to secure ) 
men of excellent caliber in civil engineering. 
proposes that this Section cooperate with the local high schoos 
many of which already have vocational guidance programs, © 
vocational guidance in civil engineering. 

“Higher Education and Graduate Study. We believe that "* 


“ 








the business of the Society and of this Section to interest an¢ ® snd ie 
form itself on higher education for civil engineers. In vance ng the 

schools throughout the country the program of graduate stuc) * pend 
larger than most people realize. The significance and impor'a®* met th 
of graduate study should be a matter on which all civil engines same 
and particularly the younger men, should be informed . A sp 
Committee suggests that the Cleveland Section acquaimt prepari 
with higher education for civil engineers, either by papers at 5“ be feasi 
intervals, or through a periodical report. session : 
‘Status of the Junior Members. It is well recognized that 5 As fa 
tofore the Junior members have been spectators and not _ fessor } 
pants. The Committee recommends that the Juniors be made 1 yond 
sponsible for one of the monthly programs each year and 7 his nam 
the spring meeting organized by the Student members De 00 ast mee 
tinued as before. ; webe Which 5 
; MUCT 


“The Recognition of the Civil Engineer Before the P whlv : 
lieve that definite steps should be taken to promote recob™ 
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1¢ anny ngineer before the public. Within limits, this can be Some of these suggestions may fit in with the interests of other 
vas ary fore by publicity given to meetings of the Society. The Sections. Although the details would vary with local conditions, 
esence has also discussed the possibility of a meeting open to the basic principle remains—that the younger member is worth 
eedsmui: . [The suggested program of this meeting would be a encguraging and that the initiative naturally rests with the Section 
ng of the vhich four or five speakers would hold forth for perhaps officials or senior members. The corollary is that such efforts 
unity for inute intervals, on subjects which would be interrelated doubtless will be many times repaid in the constructive interest of 
cellencie developments in the Cleveland area in which the civil the Juniors and the resulting benefit to the Section itself 

organiza . is played a leading rdle. 

ofessions n Within the Profession. The Committee feels that 

on eves S may properly consider the matter of making awards New Year Book to Be Dist ributed 

n that +h ne ion by the Local Section of members in various grades ‘ ‘ s oF 

M. A ‘tanment. For example: with April ‘‘Proceedings 

ade of ? — — OF SEE OE a ee IssuED as Part 2 of ProceEepIncs, the 1939 Year Book of the 
ae Mo Pm al to be given each year to the paper Society will be mailed to the membership on April 15. As in 
ney, La wuitstanding merit presented before the Society by previous years, it incorporates all corrections in position and ad- 
stig shers of the Cleveland Sectica. dress reported by members up to the first of March. Incidentally, 

Bi-annual award of suitable character for outstanding as reflecting the growth of the Society, there are “00 a 
'edinesda oublic service within the field of civil engineering to a this year’s ‘“‘List of Members” than in the 1938 edition. 
diversi . ember of the Cleveland Section. In format and arrangement, the new book follows the style of the 
lems sca : \ctisities. The Amesienn Society of Mechanica! Buci- preceding issues. The policy adopted in 1938 of including in the 
¥ on ti apg 3 he so Ladies? Gull sabich toate aeol ~e Year Book the Annual Report of the Board of Direction has been 
afternoon erent bevels. pets aaa in en _ " ns <A _ continued. Attention should also be called to the somewhat ex- 
vith or which - dane gov re ae io ie P > Sicha al ‘Ch ek, tensive changes in the By-Laws-—the result of a series of Board 
tine § The Cleveland Section o en erety OF \ivi £ngi- — aations during 1938 and at the 1939 Annual Meeting. 
| neers might well consider a social program which would include the 
ladies at least once a year. 
— Relations with Neighboring Sections. The Cleveland Section on P 
p that | has already initiated a plan of ‘Ohio Regional Meetings,’ and two Pa pers k iled In Lib "arv 
eater ver h meetings have already been held. Another one is now sug- : 
he Ur vested, centering around some project of sufficient importance and ANNOUNCEMENT is made that the following papers have been 
ry wt veneral interest to warrant a large attendance. We believe this contributed to the Society for filing with the Engineering Societies 
ms ; a well worth while project and should be undertaken. On the Library, 29 West 39th Street, New York, N.Y. Charges for 
_ sion of such a meeting the matter of a state council of the photostating will be quoted by the Library on request. 
nf _ various sections in Ohio might well be taken up.” er a ictiat liane 
— hould be emphasized that these quotations are from a prog- RAMS ON SOM. POUNDATIONS 
encee report, which the Committee has circulated among members Bopiscu, WiLiiaM J., Jun. Am. Soc. C.E., and BrrKeLanp, H. 
— Cleveland Section for discussion. None of the suggest- W., Jun. Am. Soc. C.E., “Finite Beams on Elastic Soil Founda- 
has as vet been officially adopted. tions, with Special Applications” (54 pages in mimeograph, in- 





== . cluding 25 diagrams). This paper proposes to present a rational 


. Maps 


_ " ° - . ° method for the design of flexible footings. The analysis assumes 
ves | exas Sect 1on C ultivates J uniors that the problem is a two-dimensional one; that the foundation is 
F a . = ae F elastic, with deformation proportional to pressure; and that shear 
NE OF THE characteristics for which the Texas Section is notable "eR ; 
cae ; : deformation in the footing can be neglected. 
pecial & istom of holding two two-day meetings each year in place of 
ssible b i-weekly or monthly meetings held by Sections in more re- SoLuTION OF RIGID FRAMES 
the wor . Pie . . ufins 
n° : ? ted = as. As a result of this ty pe of — with six-month DopGeE, ALEXANDER, “Solution of Rigid Frames by Coefficients 
P tervals between, many of its activities have been pitched to a taf: ogee s n 
of val lifferent from that of other Sections. Recently Secretary of { nit Moment (33 typewritten pages and 5 pages of diagrams) 
er of t f the Texas Section offered some helpful suggestions to the This paper (copyright 1938 by the author ) is intended to give a 
re . a . . : i quick and exact method of analysis of rigid frames which can 
Section’s Committees on Juniors and Student Chapters, certain : ; . 
anufacturets racts from which will be of interest to the officers of other Local easily be applied for construction of influence lines. . The 
undertaker OP Sia method is based on the second principle of the moment area 
yed up a i a to hold and increase the interest of the Junior in the Section method.’ In addition to the derivation, the paper contains 
enginetrilg the Society is quite a problem, says Professor Focht. Asa "™U™erous examples worked out in detail 
is importas these young engineers find it very difficult to get away from a 
ecure yous r work to attend the meetings of the Texas Section. Also, they : ee’ ; 
Com! feel a hesitancy in talking and visiting with the older engineers Appointments of Society Representatives 
righ schoos He suggested that personal invitations be extended to the Juniors, . 
rograms, ® | especially those residing in the immediate area, to attend the GrorGE S. Davison, Hon. M. Am. Soc. C.E., has been appointed 
em-annual meetings of the Section. Further, a special effort one of the Society’s representatives on the John Fritz Medal 
ve tha should be made to locate the Juniors as they attend the meetings Board of Award, to fill the vacancy caused by the death of Past- 
prest al troduce them to the older members of the Society, thus mak- President, Lours C. HmLt, whose term would have expired in 
In vat ing them feel more at home. It is natural for the older men to October 1941. 
ate stuc spend a or ‘ . ; > -. ° > — af « ; 
ns xa of time with ld frends, | However if Tunior yay. Kanno, ME Am. Soe. C.E, has been appointed a mem 
vil engin ame category of friendship. 5 ber of the J. Waldo Smith Research Fellowship Committee, to 
ormed A special effort might also be made to interest several Juniors in fill the vacancy caused by the death of Frank E. WINsor 
2 0 ing papers for the meetings of the Texas Section. It might )f{aurice N. Quape, Assoc. M. Am. Soc. C.E., will represent the 
— ‘ible to hold a separate session for the Juniors, or perhaps a Society on the Sectional Committee on Building Code Require- 
Sietad “on sponsored by Juniors entirely. ments for Signs and Billboards of the American Standards 
— ‘s lar as members of the Student Chapters are concerned, Pro- Association. 
A ont Fox uuggested that additional recognition be accorded, 
ss apeergre eyond that given previously, by having each one stand and give DonaLp H. SawveEr, President Am. Soc. C.E.; W. H. CoNNgELL, 
adie lan r one thing, it might be possible to arrange a break- BENJAMIN FRANKLIN, H. H. Quimpy, and SoLomon M. Swaap, 
— celing some morning for members of Student Chapters, at Members Am. Soc. C.E.; and Greorce T. SEABURY, Secretary 
, . some he Section’s board of directors and other Society Am. Soc. C.E., were appointed to represent the Society at the 
: be present. This modification may be found “1939 Transportation Symposium” held by the Franklin Insti 


future meeting of the Texas Section. tute in Philadelphia on February 7. 
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The J. Waldo Smith Fellowship 


lteltzation of the proceed i fund bequeathed lo the Society by 
the late J. Waldo Smith, Hon. Am. M. Soc. C_E., will begin in the fall 


of thts year with the award of the first J. Waldo Smith Fellowship 
in Hydrault Rules governing the award, as set up by the com 
mittee appointed to administer tt, are presented below. The com 


mittee consists of Thaddeus Merriman (chairman). C. M. Allen. and 


Karl R. Kenntson 


rhe J. Waldo Smith Fellowship in Hydraulics is available for 
the year September |, 1939, to September 1, 1940 This Fellow 
ship carries $1,000, of which $600 is the stipend of the Fellow 
with as much as necessary of $400 to cover the cost of materials 
and equipment to the laboratory where he is located rhese 
materials and equipment will become the property of the labora- 
tory at the end of the Fellowship term 

his fellowship is limited to those Universities and Colleges 
hereinafter called Institutions) at which a Student Chapter 
of the American Society of Civil Engineers is established. The 
Fellow must be between 21 and 27 years of age and be a Junior 
of the Society; he must be recommended and sponsored as herein 
after provided 

Applications for this Fellowship should be addressed to the 
Secretary of the Society by the appropriate officer or Head of 
the Department of Engineering who should submit the names, 
records, and photographs of the candidate or candidates he recom 
mends and sponsors. The application should also be accompanied 
by a statement describing the laboratory facilities available in 
sufficient detail to govern the Committee in its decision 

rhe Fellow must devote at least one half of the entire Fellow 
ship year to the problem which the Committee will assign The 
remainder of his time may be devoted to securing collegiate 
credits, and the time devoted to the assigned problem may be 
counted as he may arrange with the Institution. Just before the 
end of the Fellowship year, the Fellow shall submit to the Com 
mittee a complete report, analysis, and discussion of his work 
Chis report may also serve as his thesis and may be published in 
whole or in part, with appropriate acknowledgments approved by 
all parties, including the Fellow, the Institution, and the Society 

As above indicated, it is the intention that the Committee shall 
select for this award both the Fellow and the Institution, emphasis 
being placed primarily on the qualifications of the Fellow including 
his record, his qualifications, and his promise for the future Due 
but not controlling consideration will also be given to the equip 
ment and facilities available at the Institution 

Chis Fellowship is restricted to study in the field of practical 
hydraulics as distinguished from the purely theoretical approach 
To this end, emphasis will be placed on experiments designed to 
further knowledge of the laws of hydraulic flow rather than to 
the type of research which proceeds with mathematical analyses 
on the basis of premises of unknown validity. The essence of this 
procedure is to test current assumptions and to develop a bette 
understanding of hydraulic flow in general. This line of approach 
was a characteristic of the great success of the founder of this 
Fellowship whose generosity has made it available. It is thus 
appropriate that the methods he followed should be developed and 
extended 

The Committee now considers that the first problem assigned 
will be that stated below but will be glad to receive suggestions 
of other problems which may be submitted with the application 

Problem The determination by direct measurement of the 
differences in the resistance to the flow of water in smooth pipes 
which are (a) horizontal, (5) inclined, and (c) vertical. The pipes 
should range from '/, to 4 in. in diameter and be of appropriate 
lengths, with velocities from 1 to 10 or more feet per second. The 
pipes should be of brass and the same pipes should preferably be 
tested in all positions without dismantling and reassembly 

This problem is one of fundamental importance in a field which, 
to this time, has remained unexplored. Its development may lead 
to concepts of value and to better interpretation of the great mass 
of data respecting hydrauiic flow which is now available in the 
literature 

No applications will be received after June 1, 1939, and the 
award will be made as soon thereafter as possible. The Committe 


is empowered to reject any or all applications 


Past-President Mead Receives 
Washington Award 


SomE 400 persons attended the dinner in Chicago on Fy 


at which Daniel W. Mead, Past-President and Honorary Mem), 


of the Society, was presented with the Wash 
Representatives of the Western Society of 


ington Award 
Engineers, 


ministers the award, and of the four Founder Societies 


‘ SS . 
: - > 
es a ~_ 


ENO INE Li s 


ia! 


rl 


leliver 





Fanny SESoe) 


THE WASHINGTON AWARD PLAQUE PRESENTED TO 


DANIEL W. MEAD 


brief congratulatory addresses, and Dr. Mead responded wit 
extempore address on the subject, ‘Fifty Years of Engit 


Development.” 


“The occasion,”’ writes Alonzo J. Hammond, the Society's repr 


sentative, ‘‘was a very happy one—like a big family affair 
merous graduates of the University of Wisconsin were presen! 


at the opportune time they gave their c 
Mead.’”’ 


Dr. Mead, sixteenth recipient of the award, is the fifth civ: 


neer to be thus honored. His selection 
February issue of Crvi. ENGINEERING 





ollege yell for 


was announct 


In and About the Society 


“Tue ENGINEEROGRAM,” newsbulletin of the Sacra: 


made its first appearance in March. A project 
aly postcard ann 


publicity committee, it replaces the montl 


ment of meetings and is designed to contain persona 


many additional items of interest as well 
page, printed publication 


> * * * 


ATTENDANCE at 46 of the 50 Annual Me 
a member is the resord of Herbert C. Keith 
bers with a greater number to their credit? 


It is an , 


etings 


Are t 
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PURE OF eh SEE HEe 





Civit ENGINEERING for April 1939 


















rican Engineering Council 


| inaton Embassy for Engineers, the National Representa- 
1 Large Number of National, State, and Local 
Engineering Societies in 40 States 





GOVERNMENT REORGANIZATION 


is have a double interest in the question of reorganization 
the f ii government. They recognize the eventual necessity 
‘i d budget viewpoint in the federal government, and 
ondiy, they believe that government expenditures for public 
works ¢ | best be managed from a policy and efficiency point of 
view if various agencies which concern themselves with the 
many divisions and sections of public works were brought together 
under one administrative head. Budget balancing and govern- 
ent reorganization are being joined in the present discussion. 
During the several A.E.C. forum discussions on employment, on 
invention, on government planning, and on government reorgan- 
ation three fundamental principles have emerged which, while 
they were not expressed as an official platform for engineers, 
nevertheless may be said to represent the majority opinion of the 
groups discussing the four topics. These conclusions may be put 
briefly as: (1) the need of a clearer government fiscal policy; (2) 
he hope for more efficient management by coordination and con- 
slidation of present agencies into a simplified and responsible 
divorcing administrative personnel from politics and the establish- 

nt of engineering professional and management services in the 
government on the merit system under a non-partisan Civil Service 
guidance 

Three bills on federal reorganization are now before the federal 
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Congress. The first is the Byrnes Bill (S. 1265) which associates 
public works, either as a department or a division, with social 
security and is an attempt to merge the PWA and the WPA into 
some sort of a public works department. The second is the so- 
called Cochran Bill (H.R. 4425), which gives the President power to 
reorganize the government with the approval of Congress. This 
essentially is the bill which failed of passage last year because of 
controversial elements, most of which have been removed in the new 
bill. A third bill, introduced by Senator Byrd (S. 1706), provides 
for presidential reorganization of government departments, elimi- 
nates the six presidential assistants, and compels congressional vote 
on proposals within twenty days. 

By far the most interesting contribution to this discussion is the 
factual report released by the Brookings Institution in a 275-page 
volume. The gist of this report is that the possibilities of economy 
through structural reorganization of federal administrative agencies 
are relatively minor in comparison with those which might be 
realized by the elimination and curtailment of activities 


STAFF AND COMMITTEE ACTIVITIES 


Professor John S. Dodds, chairman of the A.E.C. Committee on 
Surveys and Maps, has been appointed by President McClellan, 
with the approval of the A.E.C. Executive Committee, as a member 
of the Advisory Council of the Federal Board of Surveys and Maps 

To further a program for mapping, a letter is being mailed to all 
the secretaries of the member organizations of Council, urging them 
to make reports expressing the needs of their societies for maps, and 
submit such reports to the Federal Board of Surveys and Maps, 
with copies to Professor Dodds. The Executive Secretary of 
American Engineering Council has been invited to attend a meeting 
of the Federal Board of Surveys and Maps on March 14, and speak 
on the desirability of a mapping program and the relation of 
American Engineering Council to it 
Washington, D.C 
March 7, 1939 

















News otf Local Sections 





Scheduled Meetings 


SECTION 





CLEVELANI Luncheon meeting at the Guildhall on 


Secrion—Dinner meeting at the University Club, 


\ RAD‘ 
Denver, on April 10, at 6:30 p.m. 


Dayton Secrion—Luncheon meeting at the Dayton Engineers 


Cinb on April 17, at 12:15 p.m. 


the 


District orf CoLtumBIA Section—Joint meeting with 


Commerce of the United States) on April 18, at 8:15 p.m. 


GEORGIA SECTION—Luncheon meeting at the Atlanta Athletic 


m April 10, at 12:30 p.m. 


Kansas Crry Secrion—Dinner meeting at the University Club 
mn April 14. at 6:30 p.m 


\ SeEcTION—Dinner meeting with the Kansas 
University of Kansas Student Chapters at 


Kans., on April 20, at 6:30 p.m 


¥ SECTION—Meeting at Easton, Pa., on April 28 
SECTION 


1) p.m 


Dinner meeting at the University Club 


SECTION— Technical meeting in the Engineering 
New York City, April 19, at 8:00 p.m 


Dinner meeting (probably in Palm Beach) 


SECTION—Annual meeting at the Carolina 
April 29 
ECTION—Regular meeting on April 3 


SACRAMENTO SECTION—Regular luncheon meetings at the Elks 
Club every Tuesday at 12:10 p.m 


St. Louis Secrion—Luncheon meeting at the Mayfair Hotel on 
April 24, at 12:15 p.m. 


San Francisco Secrion—Dinner the 


Club on April 18, at 5:30 p.m. 


meeting at Engineers 


SEATTLE SEcTION—Dinner meeting at the Meany Hotel, Seattle, 
on April 28 at 6:30 p.m. (Joint meeting of the Tacoma and 
Seattle Sections with the Pacific and Northwest Conference of 
Student Chapters—O.S.C., M.S.C., U of I., W.S.C., and U. of W.) 


Texas Section—Spring meeting at Corpus Christi on April 28 
and 29 


Recent Activities 


CENTRAL OnIOo SEcTION—Columbus, February 16: Following a 
business meeting, C. C. Chambers, chief engineer of the Muskin 
gum Watershed Conservancy District, discussed the difficulties 
that were encountered and overcome in the construction of the 
flood control works of the District—the largest project of its kind 
in the world. Unanimous approval was given to President Tolles’ 
plan for a Local Sections conference to discuss the Progress Report 
on Salaries published in Crvm ENGINEERING. 


CINCINNATI SECTION— February 24: A joint meeting with the 
Technical and Scientific Societies of Cincinnati. Prior to the 
meeting there was a dinner in honor of the guest speaker, Hugh H. 
Clegg, assistant director of the Federal Bureau of Investigation, 
U. S. Department of Justice. The officers for 1939 are William 
W. Carlton, president; Rupert A. Anderegg, vice-president; and 
Raymond W. Renn, secretary-treasurer 

CLEVELAND Section—March 7: “The Cleveland Regional 
Geodetic Survey, with Observations on National Surveying and 
Mapping” was the subject of the lecture. This was given by A. J 
Sweet, director of the Cleveland Regional Geodetic Survey. 

CoLorapo Section—Denver, February 13: Mr. McCrary, con 
struction engineer for the State Planning Commission, gave an 
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interesting talk on the value and need of planning, suggesting 
solutions for the problems arising from urban growth and de- 
velopment. A colored motion picture, showing the results of 
unrestricted growth as compared with regulated development, con- 
cluded the evening. Junior Assoctation—October 31 and November 
28: At the first of these sessions Commander Charles M. Johnson 
described U.S.S. ARD 1, the world’s largest mobile floating dry 
dock. Speakers at the November meeting were Prof. William S. 
Bernard, of the University of Colorado, and Alvin Hanson, head 
of the Denver chapter of the Federation of Architects, Engineers, 
Chemists, and Technicians. Professor Bernard’s subject was 
“Group Action for Improving the Economic Welfare of Engi- 
neers,’ while Mr. Hanson discussed the aims and purposes of the 
Federation 

Dayton Section—February 20: Prof. J. R. Shank, assistant 
director of the Engineering Experiment Station at Ohio State 
University, came from Columbus to speak on the “Plastic Flow of 
Concrete."’ Wide interest in his experiments was attested by the 
unusually large attendance. 


Du_utH Secrion—January 16: A business meeting followed 
luncheon. The current controversy over designs for a sewage dis- 
posal plant for Duluth was discussed, but no action was taken. 
W. H. Woodbury is the new president of the Section, and William 
E. Hawley will continue as secretary. 


FLoripa Section— February 14: Joint meeting with the North- 
east Florida Association of Registered Engineers and Land Sur- 
veyors for the purpose of discussing changes in the Florida regis- 
tration laws 


Groroia Section—Atlanta, February 13: The principal speaker 
was Stanley H. Wright, regional engineer for Region 3 of the Public 
Works Administration, whose subject was ‘‘Contrasting the Funda- 
mentals Underlying British and American Humor.” 


Hawau Secrion—Honolulu, 


Voug, No, 


T. R. Agg and W. W. De Berard—were present and disc: sseq th 
Report of the Society’s Committee on Salaries. Commen:s op th 
Annual Meeting were presented by L. O. Stewart, F. M Dawson 
J. S. Dodds, Charles Looney, and C. M. Stanley. Announcemer, 
of the Iowa Section awards of Junior membership in the Society 
to Jack Clapsaddle and Marion Thorne—was made, and a echnical 
program concluded the meeting. The speaker on the latter ya. 
O. W. Crowley, executive secretary of the Central Branch of y, 
Associated General Contractors of America, who discussed “The 
Engineer in Construction.” 


Irnaca Section—February 28: An illustrated lecture on ti, 
work of the Water Resources Branch of the U. S. Geological Sury., 
was given by Arthur W. Harrington, district engineer for ;}, 
Survey and Director of the Society. Preceding the meeting. ther 
was a dinner on the campus of Cornell University, and the Cornell 
Student Chapter served refreshments after the lecture. 


Kansas City Section—February 24: A reception and dinne, 
in honor of Director Agg, the guest speaker, initiated the program 
Dean Agg discussed the affairs of the Society in general and they 
gave a talk on the subject of the unionization of the engineering 
profession. A vigorous discussion of unionization concluded the 
program. 


Kansas Strate Section—Topeka, February 14: A_ busines 
session followed a luncheon. Numerous matters of interest to the 
Section were discussed, and new officers were elected. These ar 
M. W. Furr, president; F. W. Epps, vice-president; and George 
W. Lamb, secretary-treasurer. 





LenicH VALLEY Section—Bethlehem, Pa., February 28: This 
joint meeting with the Philadelphia section of the American 
Welding Society was addressed by F. H. Frankland, chief engineer 
of the American Institute of Steel Construction. Mr. Frankland’s 
topic was welding in the structural field, and his remarks were 
followed by a motion pictur 
entitled ‘““The Backbone of Prog. 





January 24: Dr. William K 
Hatt, emeritus professor of civil 
engineering at Purdue Univer- 
sity, was the guest of the Sec- 
tion and gave a brief talk. A 
special committee, consisting of 
L. J. Watson, A. L. Marks, 
and E. L. Hageman, presented 
a verbal report on the status of 
engineers, as compared with 
other professional men, in pub- 
lic service Considerable dis- 
cussion followed the report. 


HyDROLOGY OF THE 
POSIUM 


INDIANA SECTION—Indianap- 
olis, February11: Annual meet 
ing in conjunction with all-day 
session of the Indiana Engi- 
neering Council. Special features 
included the presentation of the 
Prize for Juniors, given for the 
first time this year by the Sec- 
tion. This award went to Rud 
ard Jones, for his paper on 
“Some Early Notes on Arch 
Construction.”” At the dinner 
meeting that concluded the ses- 
sion Field Secretary Jessup was 
in charge of the ceremony of 
presenting life certificates. The 
principal speaker at the dinner 
meeting was Col. Chester Lich- 
tenberg, who discussed the 
effects of military mobilization 
on American industry. Results 
of the annual election of officers 
held at this time were as follows: 
Fred Kellam, president; J. E. 
Hall, vice-president; and Denzil 
Doggett, secretary. 


LAKE SUPERIOR 


appreciable. 


Iowa Secrion—Des Motnes 
February 14 Two Directors 





Forecast for April | 
‘Proceedings 


ProposeD IMPROVEMENTS FOR LAND SURVEYS 
AND TITLE TRANSFERS 
*hili “LSS » «ide Me MM. . & Pe ~ a . . 
: By Philip Kissam fesoc. M. Am. Soc. C.E P crete. Those discussing the pa 
State coordinates, official records, and land court to repiace | 
outmoded deleterious practice. 


Great Laxes—A Sym- 
Typical QUANTITATIVE ANALYSIS AS APPLIED TO 


By C. R. Pettis, MH. Am. Soc. C.E. 
Defines the relationship between rainfall and Lake levels, 
in the belief that the contribution of underground water is 


EVAPORATION EXPERIMENTS 
By H. C. Hickman, Jun. Am. Soc. CE. 
Derivation of characteristic curves from experiments on 
evaporation pans for the purpose of determining compar- 
able evaporation from the Great Lakes. 
RECONSTRUCTION OF A STEEL ARCH BRIDGE 
By H. E. Langley and Edward J. Dacey 
Pertains to the ingenious repair methods applied to the 
540-1 steel arch over the Connecticut River between Wal- 
pole, N.H., and Bellows Falls, V1. 
Desicn or A Hicu-Heap SipHon SprIttway 
By Elmer Rock, Jun. Am. Soc. C.E. 
Directions for designing adequate cross-sectional area at 
the throat, and a reduced outlet area, so that a definite 
spillway capacity can be provided. 
Srress DistriBuTION AROUND A TUNNEL 
By Raymond D. Mindlin, Jun. Am. Soc. C.E. 
Derivation based on the theory of elasticity. desty. Junior Branc h—Febrv- 


ress.”’ 

Los ANGELES SEctTion—/e?- 
ruary 8: The principal speaker 
was R. V. Labarre, consulting 
foundation engineer, who « 
scribed the effect of local aggr 
gates on the durability of con 


per were L. H. Tuthill and R 
M. Beanfield. At the conclu 
sion of the evening a plaqu 
was presented to A. M. Rawn 
former president of the Sectiot 
in commemoration of his ser 
vices in that capacity 
MARYLAND Section--Bw 
more, January 27: Joint meet 
ing with the Engineers Club 
Baltimore. The session was de- 
voted to a discussion of registra- 
tion of professional engineers and 
land surveyors in Maryland 


METROPOLITAN SECcTION— 
New York City, February 10 
A symposium on “Engineering 
the New York World’s Fair 
was presented by the Section 
and collaborating groups—t! 
New York section of the Amen 
can Institute of Electrical Eng 
neers and the New York Societ! 
of Municipal Engineers. 1 
Section was represented among 
the speakers by H. Alden Fostet 
acting chief engineer o! desig 
for the New York Worlds 
Fair, and Alfred Hedenn 
engineer with Waddell and Har 


c 





| ary 8: Harold E. Wessman 
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f structural engineering at New York University, pre- 
thod of rapid analysis and preliminary design of suspen- 


prote Ss 


sented * " . 
a br =< that he and Shortridge Hardesty had developed. This 
eas the rst of a series of lecture meetings presenting original con- 
iibuti o the fund of engineering knowledge. 

MicuicaAN Secrion—Detrott, February 17: Frederick P. 


Dillon erintendent of lighthouses for the U. S. Lighthouse 
vas the speaker of the evening. His talk on the Light- 


Servi : : : : 
nose Service was enlivened by a stereopticon trip through his 
’ \ social hour followed the meeting. 

NasuviLLe Section—February 7: The regular bimonthly 
echnical meeting was preceded by a dinner. Later in the evening 
‘he Vanderbilt University Student Chapter met with the members 


‘he Section to hear Lee Warren, engineer for the Tennessee 
Valley Authority, speak on the construction of Chickamauga 
Dam, with particular reference to foundation problems. 


New Mexico Section—Santa Fe, January 18: A number of 
asiness matters were discussed at this session, and H. C. Neuffer 
enerted for the legislative committee. The meeting was then 
suened over to George Neel, who discussed the technical features 
f the trial recently held in Carlsbad concerning alleged pollution 
{ the Pecos River by potash wastes. Mr. Neel is manager of the 
Associated Contractors of New Mexico. 






NorTHWESTERN SectiON—Minneapolis, March 6: A number 
{ committees were appointed during the business session. The 
eeting was then turned over to Michael J. Hoffmann, commis- 
sioner of highways, who gave an interesting talk on the engineering 
and financial problems of the Minnesota State Highway Depart- 
PHILADELPHIA SECTION—February 18: This social meeting was 
scelaimed one of the best parties the Section has ever had. The 
guests included President Sawyer and Secretary Seabury, and both 
spoke briefly during the dinner. They were followed by Charles 
Bonine, president of the Engineers Club. Both Francis Friel 
und Lyle Jenne were honored, as their birthdays come on February 
8 The latter acted as master of ceremonies during the “‘oriental 
tertainment” that included a magician’s performance, songs, and 
lancing. An outstanding feature of the entertainment was the 
sound motion pictures shown by Howard H. Demmert, who makes 
notion picture photography his hobby. 


PITTSBURGH SECTION—January 27 and February 15: A sym- 
posium entitled ‘“‘Advances in Materials of Engineering Through 
Scientific Research” formed the program of the January 27 joint 
necting of the Section and the civil engineering section of the 
Engineers Society of Western Pennsylvania. This theme was 
presented by L. W. Bass and several of his associates at the In- 

tute, who summarized recent progress in the fields of structural 
glass, brick-wall construction, thermal insulating materials, 
plastics, stone, and concrete. The February meeting was also a 

int session of the same groups. This gathering was addressed by 


Puerto Rico Secrion: The Puerto Rico Section announces 
that its officers for 1939 are Antonio S. Romero, president; Adriano 
Gonzalez and Antonio Lucchetti, vice-presidents; and Ernesto A. 
Soler-Lopez, secretary-treasurer. 


Rochester Secrion—February 2: Alfred G. Forssell, of the 
Morris Machine Works, Baldwinsville, N. Y., spoke on the sub- 
Design and Application of Centrifugal Pumps.” In his 
alk Mr. Forssell showed motion pictures of the model test for the 
Fort Peck dredge pump taken at the Bonneville laboratory, and 
aso displayed working models of dredge pumps. Collaborating 
groups were the Rochester Engineering Society and the Rochester 
section of the American Society of Mechanical Engineers. 


“ACRAMENTO Section— February 7, 14, 21,and 28: The speaker 
t of these luncheon meetings was Emerson Dolliver, 
was “Plane Coordinates for Surveys.”” On the 14th, 

‘. E. Stanton, Jr., Director of the Society, discussed the Annual 
"ing and other Society matters of interest. The speakers at 
gatherings were Clyde Plummer, warden of Folsom 

‘larry C. Peterson, curator of Sutter’s Fort. The 
| Sacramento’s plans for a centennial celebration. 

lus presentation by J. B. Maloney and Roy Clair. 


re Lou “TION— February 27: A review of present condi- 
—— ind the Philippines was the subject of the talk 
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scheduled for this session. This was given by Stephen M. Pronko, 
whose extensive residence in the Orient ensured an authoritative 
lecture. 


San Digco Secrion—February 23: After a short talk on 
national defense the speaker of the evening was introduced. This 
was Dean Smith, of the Southern California Telephone Company. 
Mr. Smith gave a graphic description of the research work going 
on in the Bell Laboratories and presented a talking motion picture 
depicting the manufacture of insulated copper wire. 


Tacoma Section—February 14: A short reel of colored motion 
pictures showing the placing of one of the 500-ton concrete an- 
chors for the east caisson of the Tacoma Narrows Bridge was 
shown with explanatory remarks by Theodore N. Kuss. The rest 
of the technical meeting consisted of an account of the erection of 
the Pattulo Bridge over the Fraser River at New Westminister, 
B.C. This was given by W. G. Swan, Canadian consulting engi- 
neer, who showed motion pictures of each phase of the work. 


TENNESSEE VALLEY SecTION—Knoxville Sub-Section, March 7: 
The feature of the occasion was a discussion of the professional, 
economic, and social status of the engineer. Leaders in the en 
thusiastic discussion were Sherman M. Woodward, N. W. Dough- 
erty, Henry L. Fruend, John F. Pierce, James S. Bowman, George 
P. Palo, and Ernest A. Bailey. The discussion was based on a 
questionnaire that had been sent out to the members of the Sub- 
Section, soliciting their opinions on various phases of the welfare of 
the profession. The meeting was in charge of Charles W. Okey, 
chairman of the professional objective committee. 


ToLepo Secrion—February 22: Designated ‘Toledo Uni- 
versity Night,”’ this meeting was held for the purpose of cementing 
further the relationship between the Section and the students and 
instructors at Toledo University. Following dinner, talks were 
given by Dr. Clarence Spears and Harold W. Anderson, members 
of the staff of the university. Later many witnessed the basket- 
ball game between the university and the University of Detroit. 


VIRGINIA SECTION—January 4: About 26 members gathered 
at the John Marshall Hotel in Richmond for a special dinner in 
honor of President Riggs. Following dinner Dr. Riggs spoke on 
the subject of unionism for engineers. His talk was followed by an 
informal round table discussion. 


WISCONSIN SecTION—Milwaukee, January 25 and February 24: 
Numerous plans for the future were discussed at the January 
meeting, after which there was an interesting talk on termites. 
This was given by J. W. Lawrie, research director of the Schlitz 
Brewing Company, who described methods of extermination. 
The February meeting was a joint session with the local branch 
of the American Welding Society. The speakers appearing on 
this program were Paul Mundie, of Marquette University, and L. C. 
Bibber, of the Carnegie-Illinois Steel Company. 





Student Chapter Notes 





OKLAHOMA AGRICULTURAL AND MECHANICAL COLLEGE—Febru- 
ary 23: The Chapter was host to the Oklahoma Section and the 
University of Oklahoma Student Chapter at a dinner meeting at 
Stillwater. The speaker was Capt. D. A. Morris, who gave an 
illustrated talk on aerial photography and mapping. 


UNIVERSITY OF Texas—January 9: The Student Chapter at 
the University of Texas was host at one of its regular meetings to a 
group of engineers from Houston and engineering students from 
Rice Institute. This occasion was the result of a new plan on the 
part of the Student Chapter to invite outstanding engineers of the 
Southwest to address their group. Thus far the response has been 
most gratifying. The officers of the Chapter and some of the 
professors met the group from Houston at the Texas Union where 
they dined before the regular meeting. The speakers for the 
evening were Julian Montgomery, state highway engineer, and , 
J. H. Bringhurst, of Houston. Mr. Montgomery discussed the 
characteristics and abilities that the state expects the young 
engineer to possess, while Mr. Bringhurst related his experiences 
in high-order surveying and leveling. A general social hour 
followed the meeting. 








NS 
— — —_ ote 








ITEMS OF INTEREST 














Engineering Events in Brief 
SS Pare 
. . v* bd , ~ 
Civit ENGINEERING Winsor Dam, for Boston Water Supply, Honor: 
~ Pal r* 
FoR May Late Frank E. Winsor 

LATE this spring the Southwest Sewage ENGINEERS have been gratified in re structure, now almost completed, is ay 
lreatment Works—largest activated cent years to note the growing tendency earth-fill dam 2,640 ft long and 179 f 
sludge plant in the world—will go into of public bodies to accord recognition to above the bed of the Swift River. It is 
operation in Chicago. In anticipation of the profession by naming important struc this structure that now becomes the Wig 

this event Crvm ENGINEERING has sched tures after the engineers responsible for sor Dam 
uled for its May issue an article by their creation. A notable instance of such In taking its action, the Commission 
William H. Trinkhaus, chief engineer issued a memorial, recalling thy 


of the Sanitary District of Chicago, de 
scribing the plant. “Simplicity, com 
pactness, and economy, from the stand 
point of both construction and operation, 
are the outstanding features in the design 
of the Southwest Works,” says Mr 
Trinkhaus. Because of the large area 
that would have been required for digest 
ing sludge and drying it on sand beds, ex 
haustive experiments were made by the 
District, with the result that a mechanical 
method was originated and perfected for 
handling sludge by dewatering, drying, 
and incineration, requiring a very modest 
area As another interesting feature 
this plant is unique among large-scal 
works in the use of air lifts in place of 
pumps for creating the necessary head for 
returning sludge 
The Structural Significance of Stress 

is the title of Bruce Johnston’s contribu 
tion to the May issue ‘The structural 
engineet Professor Johnston writes, ‘‘is 
confronted today with questions involving 
revision of working stresses, selection of 
factors of safety, and modification of 
familiar methods of analysis and design 
It is the purpose of this article to correlate 
some of the factors that are fundamental 
to a study of these questions.”” Primary 
attention is given to the behavior of 
structural steel members loaded statically; 
and the interrelation between the follow 
ing subjects is discussed: (1) stress analy 
ses and the state of stress, (2) yielding of 
materials and yielding of structures, (3) 
experimental research and the load his 
tory of a structure, and (4) working 
stresses and the factor of safety in 
design 

The series of articles on modern con 
struction tools and practice will be con 
tinued with a paper whose careful reading 
should mean many dollars in savings for 
every engineer in the construction field 
regardless of the type of project on which 
he is engaged. Also on the schedule for 
the May issue of Crvr_ ENGINEERING is 
the second of F. H. Frankland’s two arti- 
cles on the manufacture of iron and steel, 
which will describe the production of 
structural shapes, pipe, plates, and sheets 

One or two remaining papers from the 
Annual Meeting, and the first group of 
papers from the Spring Meeting, will 
round out the issue with material of inter 
est in the fields of highway construction, 
dam construction, flood control, and city 


planning 











































outstanding contributions ¢ 
Mr. Winsor, and mentioning 
among other things his sy 
cessful efforts for Governmen: 
approval of the interstate ¢. 
version opposed by Connecti. 
cut. The memorial closes with 
the following tribute 

“From 1932 to the present 
time Mr. Winsor’s sagacity 
and care in the design of the 
various structures required 
and his careful planning and 
execution of this work were of 
primary importance in reduc 
Winsor Dam, IN NovempBer 1938 ing the cost of this work to 
about $12,000,000 below thar 
originally estimated 





General View from Hog Box Trestle, East End 





recognition has just been announced. The During the past year the Legislatu i 

main structure of the $65,000,000 Quabbin authorized the Commission to further 

dam project has been renamed ‘‘Winsor tend its work by the construction of pres 

Dam”’ by the Metropolitan District Water sure aqueducts and tunnels to improve 

Supply Commission of Massachusetts the quality and to facilitate the distr 

This is in honor of the late Frank E. Win tion of the water from the sources of s 

sor, M. Am. Soc. C.E., chief engineer of ply. That $7,000,000 of federal funds we: 

the Commission, whose sudden death was obtained for this work was due to M 

noted in the March issue. Winsor’s well-known integrity 

This great project has previously been “The forty-seven years of service giv ' 

explained to readers of Crvi. ENGINEERING to the public by Mr. Winsor and th 

and so need not be detailed here. In tensive works constructed under his sup Wa 

effect, it extends the Boston system west vision are a lasting memorial to his vis 

ward from the present Wachusett Reser and industry. To his friends and 

voir by a tunnel about 25 miles long, tap sociates his unlimited kindness and 

ping the Ware River where it crosses the tience, his fidelity to all tasks entrus 

tunnel line. The western terminus is at to him, and above all his faithfuln 

Quabbin Reservoir, a new storage supply what he conceived to be right cons 

to hold 415,000,000,000 gal The main his true imperishable memorial 
vr 
“ag 
i 

. _ 
Roman Roads in England 
By T. A. Ross, M. Am. Soc. C.E 
Consuttinec Enotneer, Lonpon, ENGLAND 
[THE ACCOMPANYING photograph shows Although the Roman occupation of! Wax 

a section of second-century Roman Road ain nominally commenced with th Tt 

recently removed from the western visit of Julius Caesar and his legions" R 

branch of the famous Watling Street, and B.C. 54, conquest actually proceeded 

is now on exhibit in the Science Museum, leisurely manner, and occupation a 

South Kensington, London. This great never secure until roads were bu 

road commenced close to where the Tower armed camps formed at poirts suc! ® 

of London now stands and traversed road juntions and river crossings * 

Britain in a generally western direction, were important from a military | 

with numerous branches. Watling Street view. 

still forms part of the street system of These points received 

London, under its original name, and the name of castra or caester, mean 

name also appears at intervals where or camp. The word still 

traces of the old highway form part of the English towns with names 

modern cross-country road system chester or caster, such a 
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ted States 
Watling Street eventually reached out 
Caerleon, in the border country of 
Wales, but as occupation of this region was 
enced about A.D. 47 the road con- 
was probably not completed 
late in the first century or early in 
md century, to which period the 

shown may be ascribed. 

section was taken out during re 
tion close to the ancient town of 
Magnis, now Kenchester in Herefordshire, 
about 30 miles east of Caerleon. It shows 
material, a construction 
typical of Roman roads, although varia 
tior ur sometimes in the thickness and 
It is similar to that de- 
ibed by Vitruvius in his work De Archi- 
, ind is also found in the Appian 
Way which was begun about B.C. 312 


lavers of 


materials 


the layers of material were named by the 
Koman builders as follows: 
men, a foundation layer of 


thick, containing a propor- 
, which with the passage 
action of moisture has 
in approximation to con- 


Mill St 


ind the 


iyer of large cobbles, 4 in. 
t paving. 
softer layer of reddish 


a surface paving of 
in deep 





Roap ConstrRuCTION—A SECTION 
TurouGH WATLING STREET, HEREFORDSHIRE, FROM 
IN THE SCIENCE Museum, SoutH 


the Bottom of the Lowermost Course to the ‘‘Surface 
f Ancient Road” the Thickness Is Approximately 18 In 
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Thus the total depth of the 
road was 18 in., as the surface 
of fine detritus may be ig- 
nored. The roadway is 22 
ft wide, without curbs or la- 
teral support, but there is a 
shallow gutter at each side. 
Instead of being cambered, 
the surface is flat and slopes 
slightly to one side, this 
feature being found also in 
the other main crossroad 
through Magnis. 

One must remember that 
these ancient road-builders 
lived before the age of steel, 
and preferred to take their 
material as they found it; 
hence the common use of 
water-worn stones of suitable 
size, derived from river beds, 
in place of broken stone. 

These roads formed an 
elaborate system, covering 
thousands of miles, and were 
created during the whole 
Roman occupation of Britain 
between B.C. 55 and A.D. 
407. Theroads were usually 
laid out in straight sections 
aligned from one hilltop to 
another, and were seldom 
deflected from their course by 
natural features, .except in 
very hilly country. They 
often consisted of a raised 
causeway of earth or stones, 
formed from materials found 
near at hand. Local stone 
was always used for metaling 
the surface, and while occa- 
sionally a pavement of stone 
slabs was added, the surface was usually 
formed of small stones or gravel. 





Brief Notes from Here 


and There 


Tue New York City Civil Service Com- 
mission announces 60 vacancies in the 
position of Assistant Engineer (Designer), 
Grade 4, in the Board of Water Supply. 
Applications, on blanks supplied by the 
Commission, will be accepted up to April 
17. (Written requests for blanks should 
be addressed to the Commission—Muni- 
cipal Building, Manhattan—and must 
be accompanied by a 9-in. self-addressed 
envelope with 6 cents postage.) Before 
certification, applicants must have a valid 
New York State professional engineer's 
license. They must also be residents of 
New York State at the time of appoint- 
ment. 

* * > * 


‘“‘PLANs and Specifications for the Norris 
Dam” is the title of a comprehensive 
volume issued by the Tennessee Valley 
Authority and recently deposited in the 
Engineering Societies Library. The plans 
and specifications were compiled after 
completion of the dam, but in order to 
facilitate comparisons and for use in future 
work they have been presented in the same 
manner as would be required for letting a 
general contract for the construction. The 
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plans have been corrected in accordance 
with the actual work performed and the 
specifications, though written in the fu- 
ture tense, are a description of the methods 
of construction actually employed. This 
volume, all in photo-offset, contains 181 
pages of text and 134 drawings, 16 by 
10'/, in., and is on sale by the Authority, 
Knoxville, Tenn., at $2.50 a copy. An- 
other TVA “Technical Monograph” of 
general interest is ‘‘A Technical Review of 
the Wheeler Project,’’ containing descrip- 
tive text, numerous construction photo- 
graphs, and 31 selected construction draw- 
ings. It lists at $1.00 a copy. 


ESTABLISHMENT Of a silver medal award 
for inventions and discoveries ‘involv 
ing meritorious improvements in the build- 
ing and allied industries’’ is announced by 
the Franklin Institute, Philadelphia. 
“Building and allied industries’’ is inter- 
preted to include design and construction 
of buildings as well as appurtenant equip- 
ment. The medal is made possible through 
a fund provided by the late Frank P. 
Brown, whose name it bears. Regulations 
governing the award may be obtained 
from the secretary of the Committee on 
Science and the Arts, of the Institute 


* * * * 


Tue U.S. Bureau of Reclamation is con- 
tinuing its proposed series of 41 bulletins 
descriptive of the Boulder Canyon Proj- 
ect. Recent additions to the series in 
clude two bulletins bearing the general 
title ‘Boulder Canyon Project Final Re 
ports, Part V—Technical Investigations.” 
Bulletin 1 (266 pages) is entitled ‘Trial 
Load Method of Analyzing Arch Dams,”’ 
and Bulletin 2 (184 pages), “Slab Analogy 
Experiments.”’ The price of Bulletin 1 is 
$1.50 in paper binding and $2 in cloth, 
while Bulletin 2 is $1 in paper binding and 
$1.50 in cloth. Both can be obtained 
from the offices of the Bureau of Reclama 
tion in either Denver, Colo., or Washing- 
ton, D.C. 


* * * * 


ALL THE 870 standards and tentative 
standards of the American Society for 
Testing Materials are cataloged by sub- 
ject in the Index just issued by that or- 
ganization. Copies of the Index will be 
supplied without charge on request to 
A.S.T.M. Headquarters, 260 South Broad 
Street, Philadelphia, Pa. 


* * * > 


A “COAST-TO-COAST technical 
gram” is the way the Society of Automo 
tive Engineers describes its 1939 World 
Automotive Engineering Congress. Meet- 
ings begin on May 22 in New York, trans- 
fer to Indianapolis on May 29, and thence 
to Detroit on May 31, and the con- 
cluding sessions begin in San Francisco 
on June 6. Members of the American 
Society of Civil Engineers are invited to 
attend and participate in the meetings. 
Program details can be secured from the 
S.A.E. headquarters, 29 W. 39th Street, 
New York, N.Y 


pro 














‘NEWS OF ENGINEERS 


Personal Items About Society Members 





Emit H. PRABGER has been named head 
of the civil engineering department of 
Rensselaer Polytechnic Institute to suc- 
ceed Pror. THomas R. Lawson, who 
will retire at the end of the year after 
forty years on the staff of the Institute 
For the past several years Mr. Praeger 
has been chief engineer for Madigan 
Hyland, of New York City, and as such 
has been engaged on a number of the major 
parkway projects in that city 


Jonun C. Rieper, deputy chief engi 
neer of the New York City Board of 
Estimate and Apportionment, has been 
appointed chief engineer of the board 
As such he will sit on the City Planning 


Commission as a commissioner 


Cart H. Pererson, Jr., formerly in 
strumentman for the Louisiana State 
Highway Commission, is now employed 
in a similar capacity by Ash-Howard 
Needles and Tammen on the construction 
of the Mississippi River Bridge at Green- 
ville, Miss 


K. B. Woops has accepted the position 
of assistant professor of highway research 
at Purdue University. He was previously 
assistant engineer in the State Highway 
resting Laboratory at Ohio State Uni- 


versity 


Ropert C. Haven, JrR., has been pro 
moted from the position of junior engi- 
neer in the U. S. Bureau of Reclamation 
to that of assistant engineer in the same 
organization. He is engaged in water- 
supply investigation on the Green River, 
Utah, and has his headquarters at Salt 
Lake City 


P. G. Hasevr, until recently assistant 
state director of malaria control for the 
U. S. Public Health Service, has accepted 
the position of associate sanitary engineer 
for the South Carolina Public Service 
Authority, with headquarters in Charles 


ton, S.C 


C. O. DoHRENWEND will return to the 
Armour Institute of Technology as an in 
structor in civil engineering. Mr. Dohren- 
wend previously taught at the Institute, 
leaving his position for doctorate study 
at the University of Michigan in 1937 


Harry R. Borton, formerly senior 
engineer for the Metropolitan Water 
District of Southern California, is now 
superintendent of the American Concrete 
and Steel Pipe Company at Natick, 


Mass 


Ciinton D. HANOVER, JR., has been pro 
moted to the position of chief of the bridge 
design section of the Bureau of Bridges, 
New York City Department of Public 
Works. For the past year he has been 
engineer in charge of the mechanical and 
electrical section of the Bureau of Bridges 


Witt1aM J. Barney, president of the 
W. J. Barney Corporation, of New York 
City, has been elected president of the 
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Metropolitan Builders Association of New 
York 


BeRNARD M. TuHomson, who for the 
past year has served as acting city engi- 
neer of Charleston, S.C., was recently 
elected city engineer. Mr. Thomson has 
been in the city service Since 1916 


Gerorce H. HENDERSON has been named 
chief of the Division of Roads and Bridges 
of the Public Works Department of the 
State of Rhode Island. This position is 
analogous to one he held for many years 
prior to 1935 


E. M. HastinGs was elected president of 
the American Railway Engineering As- 
sociation at the forticth annual convention 
of this organization, which was held in 
Chicago on March 14, 15, and 16. Mr 
Hastings, who is chief engineer of the 





E. M. HASTINGS 


Richmond, Fredericksburg and Potomac 
Railroad, has been active in the affairs 
of the Association for more than twenty- 
five years. He served as director of it from 
1932 to 1935 and as vice-president from 


1937 to 1939 


Henry B. SEAMAN, consulting engineer 
of New York City, was honored by the 
American Institute of Mining and Metal- 
lurgical Engineers at its recent annual din- 
ner, when he became one of the thirteen 
new members of the “Legion of Honor 
Class of 1889,"’ who have been members of 
the Institute for fifty years. Mr. Seaman 
is also a Life Member of the Society, of 
which he served as Director from 1900 to 
1902 


W. Linpsay MALCOLM is now director 
of the school of civil engineering at Cornell 
University. 


Georce T. Seasury, Secretary of the 
Society, was made a national honorary 
member of Chi Epsilon, civil engineering 
honorary fraternity, in a ceremony con- 
ducted in Boston on March 18 by the 
Massachusetts Institute of Technology 
chapter 


W. W. CALDWELL, vice-president of 
Iglehart, Caldwell! and Scott, Inc., of New 
York City, is now in Caracas, Venezuela, 
where he is in charge of the branch office 
that his firm has recently opened there (at 
Mercerades a la Gorda, Number 14). 


VoL. 9, N 0.4 


Joun L. VANDEN BERG is now jp ,, 
U..S. Department of Agriculture yx, 
headquarters at Friendship, Ark 


Joun C. NorTon announces ¢ 


OTgar 
zation of the firm of Heldt an — 
general contractors of Birmingham, Mj, 
Mr. Norton was previously ructural 
designer for Smith, Hinchman and Gry. 


of Detroit. 


Benson J. Woop, ARTHUR M. Syippp 
and Ravpu K. SEELEY have joined +, 
staff of Shoecraft, Drury and McNam« 
and will be located in the Ann Arp, 
office of this firm 


T. C. Forrest, Jr., has ““\thdrawy 
from the consulting firm of Myers, Nove 
and Forrest, of Dallas, Tex., the fr, 
continuing its practice under the name of 
Myers and Noyes. . 


Joun A. Oakey is now assistant p; 
fessor of civil engineering at Villanoy 
College. He was formerly an instrycto, 
in the civil engineering department 
Columbia University. 


THEODORE A. POLANSKY has becop 
connected with the Gulf Concrete ang 
Pipe Company in the capacity of sales 
manager, and will be located at Houston 
Tex. Mr. Polansky formerly held , 
similar position with the Union Conere: 
Pipe Company, of Huntington, W.Va 


Joe. C. BEALL is now on the staff 
the Colquitt County (Georgia) Health 
Department, with headquarters at M 
trie, Ga. 

RoBert L. MAcDOouGaLt, technical 
adviser to the Atlanta Housing Authorit 
has been appointed a member of the new 
Fulton County (Georgia) Planning Co: 
mission 


A. C. Everuam and A. T. Evernau 
have established a pile-driving and founda 
tion business, with offices in Los Angeles 
and Kansas City, Mo. For the past 
twenty years Mr. Everham has bee 
western representative of the Raymond 
Concrete Pile Company at Kansas Cit 


FRED SWINEFORD, acting chief engineer 
of the Ohio State Highway Department’ 
testing laboratory, has been transferred 
to the bureau of location and desig: 
assistant chief engineer. 


CLARENCE M. WEsTON is now hydro 
electric engineer in the U. S. Engine 
Office at Little Rock, Ark. He was 
formerly senior civil engineer for 
Tennessee Valley Authority at Knoxvil 


Brown C. Trivey has resigned as 
engineer of the Calcium Chloride 4% 
sociation in order to become connected 
with the Michigan Chemical Corpora 
of St. Louis, Mich. He will be in charg 
of the corporation’s sales and engimecnt 
service of calcium magnesium chiot 

RoBert Lirentser has returned | 
post as chief engineer of the Ohio 5%" 
Highway Department’s testing labor 
after a year’s leave of absence 
which he acted as chief engimeet 
Crushed Stone Associatior 
quarters at Albany, N.Y 
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CORNELL recently retired as 
engineer of city buildings, 
:Y.), Department of Public 
r forty years in the service of 


I 


WoOERMANN, principal engi- 
U. S. Engineer Office at Chi- 
tired after being in the federal 
e 1890. Mr. Woermann be- 
engineer of the Chicago Dis- 
129 and principal engineer in 


co Gaston, professor of tech- 


RAD 
ial English at the School of Engineers 
ad Architects of the University of Ha- 
an been reelected president of the 
Cuban Society of Engineers. 


p S Monk has accepted a position 
taff of the bridge engineer of the 
Carolina State Highway Depart- 


rt 








with headquarters in Columbia, S.C. 
DECEASED 

Carmi IRVING BausHER (Assoc. M. 
8) of Allentown, Pa., died on December 
38, at the age of 66. Mr. Bausher’s 

rly experience was with the Phoenix 
ve Company and the Elmira Bridge 
Company From 1896 to 1916 he was 


Pennsylvania Steel Company, 
1 the latter year until 1932 with 
thlehem Steel Company. 


\rTHUR SAMUEL Bent (Affiliate ’16) 
of the contracting firm, Bent 
rs, Inc., of Los Angeles, Calif., 
in that city on February 17, 1939, at 
age of 75. Mr. Bent had been active 
ntracting work on the West Coast 
I886, the important work carried 
y his firm including Sweetwater and 
raltar dams, and numerous water- 
works, sewerage, and highway projects 
n California. He also served as head of a 
California Chamber of Commerce com- 
ssion, which drafted a state-wide code 
of earthquake-resistant construction. 


Joun ALLEYNE CaLHoUN BoGart (As- 
M. '36) assistant civil engineer in the 
Public Works Department of the U. S. 
‘avy, died at Fernandina, Fla., on March 
39, at the age of 34. Mr. Bogart 
graduated from the University of Florida 
in 1¥51 and, later, was assistant engineer 
the Walton County (Florida) Emer- 
gency Relief Administration. He also 
tved for a year as city manager of 
t resigning because of poor 


AH CUMMINGS (Assoc. M. ’04) who 
was recent ippointed director of the 
urea of Bridges of the New York City 
Vepartmer { Public Works, died sud- 
vat] e in Mount Vernon, N.Y., 
1939. He was 65. 

iod of army service during 

Spa erican War, Mr. Cum- 
in the service of the City 
mtinuously since 1894. 


His principal work during this period 
was in the Department of Plant and Struc- 
tures. 


Ratpo Gray Davis (M. ’30) senior 
engineer for the Beach Erosion Board of 
the U. S. War Department, Washington, 
D.C., died there on February 21, 1939, at 
the age of 50. Mr. Davis spent his entire 
professional career (since 1911) as an 
employee of the War Department, except 
during the World War when he served 
in the Corps of Engineers, with the rank 
of lieutenant. 


EpwiIn Lincotn Grimes (M. ‘04) 
resident engineer for the J. B. McCrary 
Engineering Corporation, Atlanta, Ga., 
died on March 4, 1939, at the age of 75. 
Much of Mr. Grimes early engineering 
career was spent in Troy, N.Y., where he 
was for a time chief engineer of the Bureau 
of Water Supply. Later he was city 
engineer and, finally, he established a con- 
sulting practice there. About twenty 
years ago he became connected with the 
J. B. McCrary Engineering Corporation, 
serving successively as office engineer, 
designing engineer, and resident engineer. 


FRANCIS DENIS HUBERT LAWLOR (M. 
'95) superintendent of the Citizens Water 
Company, Burlington, Iowa, died there 
on January 25, 1939, at the age of 82. 
A Canadian by birth, Mr. Lawlor came 
to the United States in 1880 and entered 
the employ of the Burlington Railroad, 
later being transferred to Burlington as 
first district engineer of the Iowa lines. 
For several years he was engaged in rail- 
road construction in Montevideo, Uru- 
guay, and upon his return to this country, 
did surveys for the Burlington and other 
railroads. In 1903 he accepted the posi- 
tion of superintendent of the Citizens 
Water Company. 


Joun BercHMANS Morrison (Assoc. 
M. ’26) vice-president and sales manager 
of the Shelt Company, of Elmira, N.Y., 
died on February 6, 1939, at the age of 
39. Mr. Morrison was with the New 





The Society welcomes addt- 
tional biographical material to 
supplement these brief notes 
and to be available for use 
in the official memoirs for 
“Transactions.” 











York State Highway Department from 
1921 to 1924. Later he was with the 
U. S. Bureau of Public Roads, and from 
1925 to 1937 he was manager of the High- 
way Bureau of the Armco Culvert and 
Flume Manufacturers Association, with 
headquarters in Middletown, Ohio. In 
the latter year he became connected with 
the Shelt Company. 


CHARLES HAROLD OLMSTEAD (M. ’36) 
consulting engineer for the General Tarvia 
Department of the Barrett Company, of 
New York City, died in Washington, 
D.C., on February 1, 19389. Mr. Olm 
stead, who was 46, served in the U. S 
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Army during the war, with the rank of 
second lieutenant. In 1920 he became 
district engineer at Nashville for the 
Tennessee State Highway Department, 
remaining there until 1928, when he joined 
the staff of the Barrett Company. In 
1935 he was appointed consulting engineer 
for the General Tarvia Department with 
headquarters in Chicago, and in 1937 was 
transferred to Washington. 


ERNEST GEORGE ScuurRIG (M. ‘16) 
district engineer for the Procurement 
Division of the U. S. Treasury Depart- 
ment of Boston, Mass., died on February 
12, 1939. Mr. Schurig, who was 65, had 
been in the Treasury Department in 
various capacities since 1904. Prior to 
that he was with the Union Bridge Com 
pany (1895 to 1900); the New York 
Central and Hudson River Railroad (1900 
to 1902); and the Bureau of Yards and 
Docks (1902 to 1904), 


RALPH GRAHAM SHANKLAND (M. '19) 
consulting engineer of Denver, Colo., 
died in that city on February 6, 1939, 
at the age of 55. During the war Mr. 
Shankland saw service as a first lieutenant 
in the British army, and later was trans- 
ferred to the A.E.F. He was gassed and 
severely wounded. For several years 
following his recovery he was a partner of 
Ralph J. O'Rourke, consulting engineer, 
and later became president of Shankland, 
Ristine, and Company. This firm was 
active in the construction of many of the 
important buildings in Denver. 


ALFRED FRANCIS THEARD (M. '15) 
general superintendent of the Sewerage 
and Water Board of New Orleans (La.) 
died in that city on January 2, 1939. 
Mr. Theard, who was 73, joined the staff 
of the City of New Orleans in 1893 as 
a draftsman on topographical surveys. 
Later he was made office engineer in charge 
of drainage work, and upon the formation 
of the New Orleans Sewerage and Water 
Board in 1903 he kept the same post, 
becoming first assistant engineer in 1907 
and principal assistant engineer in 1914. 
He held the latter post until 1935, when 
he was made general superintendent. 


FRIEND Pitts WitiiamMs (M. '09) 
recently retired secretary engineer of the 
Water Power and Control Commission 
of the State of New York, died in Albany, 
N.Y., on February 20, 1939. Mr. Wil- 
liams was resident engineer for the Pitts- 
burgh, Shawmut, and Northern Railroad 
from 1899 to 1905, and from the latter year 
until 1920 he was assistant and special 
deputy state engineer (New York State). 
He then became secretary engineer of 
the Water Power and Control Commis- 
sion, 


ROBERT WALTER Woop (M. '36) of 
West New Brighton, N.Y., died at Fort 
Myers Beach, Fla., on February 3, 
1939, at the age of 58. Mr. Wood spent 
practically his entire career in the service 
of the Borough of Richmond (New York 
City), joining its engineering bureau in 
1904. For a number of years he was 
engineer in charge of field work. He re- 
tired in 1937. 
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Curtmneton, Henry Wrspom (Jun. '38), Junior 
Office Engr., State Highway Dept. (Res., 501 
Navasota St Groesbeck, Tex 

Curtis, Eart Howarp (Assoc. M. '38), Hydr 
Engr 1 S. Geological Survey, 404 Engr 
Experiment Station, Ohio State Univ., Colum 
bus, Ohio 

DENMARK MARION ALEXANDER Jun $8), 
Draftsman, Wharton County, County Court 
House, Wharton, Tex 

Denton, CHartes Evwarp (Jun. 38), 327 Main 
St., Carthage, Ill 

Dickman, W. Bernarp (Jun 39), Civ. Eng 


Public Utilities Comm., City and County 
Francisco (Res., 3775 Fillmore), San 
Calif. 


Insp 
of San 
Francisco 


Donnan, Writtam CHarves (M. '39), Div. Supt. 
Distrib., Bureau of Water, City of Pittsburgh, 


412 City-County Bldg., Pittsburgh, Pa 

Dorr, Ropert Henry (Jun. '39), Box 12, Key 
West, Fla 

Duper, Joun Scumarz (Jun. '39), Junior Engr., 
Mountain Fuel Supply Co., 36 South State 


Res., 117 L St.), Salt Lake City, Utah. 


Epwarps, Gam Paru.rs (M. °'39), Prin. San 
Chemist, Wards Island Sewage Treatment 
Plant, Dept. of Public Works, City of New 
York, Wards Island, New York (Res., 736 
Burns St., Forest Hills), N.Y. 


Ev_.pripoer, Aterrt Matruews (Jun. 38), County 


San. Engr., Bartow County Health Dept., Box 
71, Cartersville, Ga. 
Errerson, LeRot R. (Assoc. M. °'38), Senior 


Res. Engr., State Highway Board of Georgia, 
East Point (Res., 981 Katherwood Drive, S.W.., 
Atlanta), Ga 


FABIAN, Epwarp Sypney (Assoc. M. '39), Asst 
Prof., Civ. Eng., Univ. of Tennessee, Carrick 
Hall, Univ. of Tennessee, Knoxville, Tenn. 

Foster, CHARLES Braprorp, Jr. (Jun. 38), Box 


914, Memphis, Tex 


Fox, Jerr STranitey (Jun. 39), Instrumentman 
State Highway Dept 106'/+ South Anglin 
St. (Res., 734 North Main St.), Cleburne, Tex 

Fow ter, RANDALL Boons (Assoc. M. '39), State 
Director of Operations, WPA of Louisiana 


804 Canal Bank Bldg., New Orleans, La 


Futter, Eo>warp Harmon (Jun. 38), Graduate 
Fellow, Dept. of Civ. Eng., Virginia Polytech 
nic Inst Res., University Club), Blacksburg 
Va 

GALLIGAN, Wiit1aM Bartrsotomew (Jun. 38), 
1749 Grand Concourse, New York, N.Y. 

Granam, Doyie Evan (Jun. 38), 212 Main 
St., Rapid City, S.Dak 

Grevuticn, Geratp GREGORY Assoc. M. ‘39) 
Sales Representative, Specialty Sales Div., 


Carnegie-Illinois Steel Corporation, Carnegie 
Illinois Bidg. (Res., 778 Osage Rd, Mt. Leba 
non), Pittsburgh, Pa 


Jun. "38), 1002 East California 


Calif 


Gertrrr, Le VAN 
St., Pasadena 





TOTAL MEMBERSHIP AS OF 
MARCH 9, 1959 
Members 5,635 
Associate Members 6,333 

Corporate Members 11,968 
Honorary Members 27 
Juniors 3,947 
Affiliates 73 
Fellows l 

Total..... 16,016 











GutLiarp, Evcene (Jun. 38), Asst n 
‘ - 4, ’ * 
sey Eng. Co., 512 Court St. (Res 133 ie 
land Ave.), Pekin, Ill 
Hatt, Joun Fenwick (Jun. ‘39 \ 
=F sst 
Engr., Box 432, Junction City, Ka: . City 
Hancock, JAMES Harvey (Jun. '39), | taller 
Mississippi Steel & Iron Co., Box a 


620 Yazoo), Jackson, Miss. 


Harris, Glen Huon (Jun. '38), 722 5 Harris 
Ave., San Angelo, Tex = 
Harris, Ropert Oris (Assoc. M. '39). A 
Engr., State Highway Dept Moana 
Res., 306 Michigan Ave., Mobile Ala. 
Harris, Ropert Ray (Assoc. M. °39) 
Engr., State Dept. of Health, 620 South 34g 


Res., 127 North 44th St.), Louisville, ky 
(Jun. °'39), Cartographic 


Draftsman, U. S. Geological Survey, Dept. of 
Interior (Res., 1906 N St., N.W Apartment 
22), Washington, D.C. 


HARRISON EVELYN 


HiIGHTOWER, CHARLES Leg, Jr. (Jun. '38) 
Draftsman, State Highway Dept Stat: 

, : , State Office 

Bldg. (Res., 1320 Senate St.), Columbia, $.¢ 


Hootitn, Harovp ALVIN (Jun. '38), 531 Arapahoe 


Ave., Boulder, Colo. 

Howarp, Eart Rockwett (Jun. 38) Asst 
Engr., Met. Dist. Sewage Treatment Plast, 
City of Hartford, Eng. Dept, City Engr 
Office Res., 816 Wethersfield Ave.), Hartford, 
Conn 


HUNTLEY, WAYNE Eastwoop (Jun. 39), B 
Aide, U. S. Dept. of Agriculture, AAA Branch 
Savings Bank Bldg., Ithaca, N.Y. 


Hurst, Haro.tp Evin (Jun. '39), Rod 
C.M, St. P. & P.R.R., Miles City, Mont. 


Hypen, Bartey Sytvanrus (Jun. °38), Instre 
mentman, State Highway Dept., 512'/+ Vip 
cent St., Houston, Tex 


JOHNSON, CHARLES FRANKLIN (Assoc, M.'39) Sen 
ior Engr., Comms. of Sewerage of Louisville, 
400 M. E. Taylor Bldg. (Res., 206 Pennsyiva- 
nia Ave.), Louisville, Ky. 


Jounson, CHARLES VERNON (Jun. '38), Subip- 
spector, U. § Engrs., Memphis Tenn Res, 
711 Kinzer St., Poplar Bluff, Mo.). 

Jumper, Harry Drake (Assoc. M. '39), Bag, 
Consolidated Rock Products Co., 2730 South 
Alameda St., Los Angeles, Calif. 


KIMMEL, RAYMOND Matcotm (Jun. '39), Bag. 


The Texas Co. (Res., 1300 Ninth St), Pat 
Arthur, Tex. 
KrRucHKOW, NorMAN (Jun. '38), Junior T 


graphic Engr., U. S. Geological Survey, 


268, Mobile, Ala. 

KUENNING, WaLTeR Henry (Jun. 39), With the 
Standard Oil Co. (Ohio), Solar Refinery, Lima, 
Ohio 


Lee (Jun. 38), Rodman, State 
Box 742, Commerce, Tex. 


Kventz, CARL 
Highway Dept., 


Lacy, Epwarp Ranpo.pn (Jun. °38), Asst. Bag 
Aide, Maps and Survey Div., TVA, 705 Pound 
Bldg. (Res., 509 Walnut St.), Chattanooga, 
Tenn. 


Project Engr., 


amp, DonaLp Georce (Jun. '38) 
Columbas, 


WPA, 1668 Twenty-seventh Ave., 
Nebr 


LAND, James Love (M. °39), Materials Bag. 
State Highway Dept. (Res 101 Mulberry 
St.), Montgomery, Ala. 

LARSEN, Hertur THomsen (Jun. "39), Drafts 
man, Dept. of Subways and Tractios, a 
North Wacker Drive (Res., 6415 Drexel Ave) 
Chicago, Ill 

Larssen, Grorce Epwarp (Jun. ‘39 Insp, 
State Highway Comm., Box 545 Daveapers 
lowa. (Res., 917 Grant St., Beatrice, Nebr 

LaRusg, Greorce Epcar (Jun 5 Rang 
Eng. Dept., C.M.St.P. & P.R.R., Care, 
Engr. (Res., 34 Fourth St.), Savanna, Ill 

Laver, Wittarp Woop (Assoc. M. 59) — 
The H. K. Ferguson Co., Hanna ics te 
land (Res., Doan Ave., R. D Panes . 
Ohio 











